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FOREWORD

Much has been written concerning the miss ion , purposes ,
functions , and policies of USACDC Combat Support Group. Practically
all the publ ished matter , however , is in the form of regulations ,
pamphl ets, and policy edicts pertaining to individual operational
or functional areas. None of these published documents provides
quick and easy insight into the interaction within and among
USACDC~SG divisions in the staffing of a given operational study.

This pamphlet does not change existing policy , nor does it
establish new policy or procedure. Rather , it is intended to
convey a meaningful portrait of how operations research is em-
ployed at all levels of coninand to arrive at scientific solutions
to operational problems. More specifically , this document ties
together the operational functions within USACDCCSG , relates them
to the overall Combat Developments program , clarifies Combat Support
Group divisional responsibilities and , insofar as practical ,
ident if ies the sequential staff ing order of a given study or project.
Particular emphas is is placed on operations research procedures
and techniques and their application.

The format and contents of this book have been selected to
meet a threefold objective: (I.) It must augment and supplement
Part I of the USACDC Methodology Notebook for Action Officers;
(2) It must be useful, illustrative , and adaptable to the needs
of USACDCCSG and assigned agencies; (3) It must be kept current,
reflecting accepted methods and techniques for accomplishing
combat support research.

Operations research in its entirety is a viable and dynamic
area and , as such, is subject to constant improvements and changes.
As greater numbers of ind ividuals qua lify in the f ield , more
doctunentation will be provided to the field. As these additions
and changes take place , this book will be updated . As stated
above, this book was prepared to fulf ill USACDC requ irements of
“Part II to the Methodology Notebook” . Part III publication is
the responsibility of each I~ACDC Agency, Part IV is the responsi-

be published later. _________________ p1
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APPLICATION OF OPERATIONS RESEARCH
IN THE

UNITED STATES ARMY

C(IIBAT DEVELOPMENTS CC*IMAND

C(~4BAT SUPPORT GROUP

CHAPTER 1

INTRODUCT ION

1. Purpose. The purpose of this notebook is to complement
Part I of the USACDC Methodology Notebook for Action Officers .
The notebook is intended to convey a brief but comprehensive
portrayal of how operations research is employed ~n the USACDC
Combat Suppor t Group to arrive at scientific solutions to Combat
Support problems. It is not intended that it be a panacea for
all problems , nor that it be used as a Standing Operating
Procedure. Rather , it presents the policies , suggested methods
of operation , organizationa l details , and tasks tha t are available
to ~SG action officers while it highli ghts the ways and means for
these assets to be used in a scientific manner. Research within

~SG is applied--not pure-- research. As such , it must be con-
ducted with a view toward the scientific determination or identi-
fication of tangible end products--products that will be of
scientifically proven benefit to the Army of the future . The
material presented in this notebook Is designed to provide p

I~ ACDC~SG and assigned agency action officers with the basic
fundamentals needed to perform cSG applied research .

2. Scope. This notebook is basic to functions ~~ staff
officers at I~ ACDCCSG and within its assigned agencies. It is
especially appropriate for the officer who is entering the Combat
Developments field for the first time . Here , in logical sequence .
he viii find the genesis of the CSG role ; the CSC organization ;
a definition of the various types of combat development studies
and methods employed in conducting them ; and a definitive compila-

• tion of tools and techniques employed in contractua l res ’arch
support management. By becoming familiar with the contents of
this book and that of its forerunner. Par t I , the new officer will
acquire an invaluable base from which to expand his knowledge in F
the empirical methods and techniques. This book provides a back -

• ground both for the produ cer of research concer ned with a need to
know sc ien ti f ically der ived fac tual informa tion and for the

L
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consumer of research interested in the interpretation and applica-
tion of research findings. Although no text can provide full
coverage of a f ield as broad as operations research , this book does
provide an orientation to the nature of combat support research ,
the procedures by which it is conduc ted , and the cruc ial role it
can play in advancing the effectiveness of the United States Army.

The Chapter on Cost Effectiveness is particularly noteworthy
in view of its significance in a time and era when our nation must
get the most for the taxpayer’s money. Any action officer will
eventually be faced with the need to conduct or rev iew a Cost
Effectivenes- Analysis. This book provides him with a checklist
of Items necessary for conducting and/or evaluating such an
analysis.

3. Qperations Research. The means by which an action officer
seeks the answers to his problem can be class if ied under three
broad categor ies: expe r ience , reasoning , and experimentation.
These three categories are, of course , complementary and over-
lapping. Experimentation , for instance , is perhaps best conceived
as a combination of experience and reasoning. The most primitive,
and ye t the mos t fundamental , source of solutions to most military
problems lies in personal experience. This experience coupled
with reasoning is frequently referred to as military judgment.
The danger of the military-judgment approach is that frequently
the decision-maker has only an inadequate , and perhaps inaccurate ,
conception of his experiences. History is replete vith examples
of battles lost because of mistakes in military judgment. The
most sophisticated means by which an action officer attempts to
arrive at factual conclusions is experimentation. The experimen-
tation method consists of isolating the effects of the operation
of a given factor by assigning that factor to one of two groups
which are otherwise equal in all respects. The general pattern of
us ing sc ientif ic techniques to solve problems is:  cer tain
phenomena are observed ; a problem situation develops and is noted
and clarified ; crude relationships are tentatively identified and
elaborated ; a more or less formal hypothesis is derived ; a
design is developed to test the hypothesis; the hypothesis is
verified or refuted ; the results are subjected to further tests
and refinement; and finally ,  the conclusions are integrated with
the previous concepts of science . Military operations research
applies the methods of science to the quantitative solution of
military problems. Data and other information apparently relevant
to the problem are assembled and examined and attempts are made to
find cause-effect relationships or interdependence correlations.
Although there Is a long history of acceptance by military of the
products of science and technology, it is only recently that the
methods of sc ience ha~~ been marshalled to assist in analyzing
combat operations and developing military forces.

1—2
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4. Essential characteristics of Operations Research.
Operations research possesses several essential characteristics :

a. It adapts the Inductive-deductive-demonstrative cycle
of science to operational processes . In doing so, operations
research may be said to consist of a back-and-forth movement in
which the investigator first operates inductively from observations 4
to hypotheses , and then deductively from these hypotheses to their
implications in order to check their validity from the standpoint
of the compatibility of the implications with accepted knowl~ Jge.
After revision , these hypotheses are submitted to further test
through the collection of data des igned to evaluate their validity
at the empirical level.

b. Operations Research is problem-centered and systems-
oriented and is thus , a technique of using available tools to
solve problems . Typically , it views a situation by examining the
relationship which exists among a large number of “subsystems” or
“components” all of which mus t function together to solve the
problem. It is important that the OR Analyst be able to define
the problem--i.e., define , first of all , exactly what he hopes to
prove or disprove . Every effort should be made to limit a study
to one major question . In no case should the problem to be
investigated exceed four major questions.

c. Operations research usually involves interdisciplinary
investigations. For this reason , 1.~ ACDC and USACDC~SC employ
people with a variety of backgrounds for use on OR teams or for
monitoring and guiding contractual research support. In addition ,
this approach is followed because of the importance of establishing
different views of the same problem.

5. To obtain the greatest value from the material in succeed-
ing chapters of this book . one should keep the following facts in
mind :

a. If a problem is to serve its function as a guide in
the planning and the conduct of a research study, it mus t be
carefully delineated . A balance must be established between
excessive scope . with resulting unmanageability on the one hand ,— and overrestriction , with its consequent artificiality on the pther.

b. Whenever possible , the prob lem should be conver ted
into an hypothesis to be tested , for hypotheses highlight the
direction in which a study is to go, the data that need to be
collected in its verification , and the way these are to be pro-
cessed to provide an adequate answer. Not only does an hypothesis
alert the investigator to relevant aspects of the situation and
perm it him to ref ine his research design, but it also provides him

1-3
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with the framework for the interpretation of the findings and the
derivation of conclusions. Generally , the formulation of an hypo-
thesis is closely related to the selection and clarification of
the problem .

c. The most important criterion of a good hypothesis is
its testability . Are Its Implicat ions , when stated in operational
terms , compatible w L t h known fa ct s , and further , are they corn-
patible at the emp irical leve l with the results of research sped -
fically designed to test their v a l i d i ty ? An hypothesis is never
proved ; it is simp’y sustained or rejected . and , like a theory , an
hypothesis may be useful even though it is partialiy in error . On
the other hand , if its slgnifica~ cc and scope warrant it , an
hypothesis that is sustained may eventually attain the status of
law or principle.

d. The research des i gn n;ust be amenable to providing
data on the basis of which the problem can be resolved . Inasmuch
as no study can h~ more adequate than the data on which it is

• based , competence in research requires familiarity with the
principles of measurement. Every stud y must have clearly defined
measures of effectiveness. If such measures do not exist , there
is no meaningful way to evaluate the results. In addition , the
researcher must be familiar with sta~ istical procedures capable of
the adequate analysis of the data that have been collected.

e. Among the more cornon errors in the interpretation of
the results of research are failing to see the significance o the
data, failing to see the l imitations of the research design , over-
looking contrary evidence , mistaking coincidence for cause and
effect, and reversing the cause and the effect. The best safe-
guards against such errors are coninon sense and insight.

6. The techniques discussed in t h i s  book are Analytic
Modeling , Simulation , Wargaming , Field Experimentation . Troop
Testing, Cost-Effectiveness Analysis. Hiuna n Factors Analys i s , and
Systems Analysis. Techniques other than these e x i s t  and the
number is growing . The employment of operations research to
arr ive at scientific solutions to problems has become the accepted
way of life . As technology advances and as our way of life
becomes more complex , new and better scientific techniques can be
expected to evolve. An example of such a newly evolving tech-
nique is the so-called Delphi technique . Although this technique
needs further development and testing , it is regarded by many to
be promising . It tries to improve the basic consensus method by
subjecting the experts ’ views to each other ’s criticism wi thout the
psychological shortcomings of actual confrontation (such as
specious persuasion , an unwillingness to abandon publicly expressed -~~

opinions , and the band-wagon effect of the majority).

1-4 - 
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The De lp hi t e c h n i q u e  rep i aces di ree t deb a te  by j  care fu l  l v des igned
pro gr am of sequential Ludi vidua l inter roi ations (best conducted by
questionna ires) interspersed w i t h  information and opinion feedback
derived by computed consensus from the earli er parts of the program.

~~me of the questions dir~ ctrd to the respondenN may , for instance ,
inquire into the “reasoni~” for previousl y expressed opinions; a
coll ection of such reasons may then be presented to each respondent ,
together wi th an inv it a ti on to reconsid er and poss ibly revise his
earlier estimates. From the foregoing , one may conclude that the
Delph i technique is a combination of reasoning and systematic
problem solving steps. Actually, it is jus t another emerg ing
technique . It has been discussed to show that new techniques and
methods are constantly emerging and on-go ing . The military OR
Ana lyst  mus t keep h imse l f  ab reas t  of the latest t rends in tech-
niques and methods. Only by so doing can he meet the evergrowing
chal lenge to provide s c i e n t i f i c  know-how to the solution of the
coun t ry ’ s problems in the ever-growing arsenal of technologica l
requirements.

) 1-5

~~~~~~~~ ~~~~~~ •. - • ~~~~~~~~~~~~~~~~~~ 0 -~ ~~~~~~~~~~~~~~~~~~~~~~ •~~ -



C}1APTER II

GENESIS OF T1~E USACDCCSG ROLE -
~~

I. Background.

Before meaningful effort can take place at the USA Combat
Support Group level , there are several important precursory
actions that must be carried out at higher levels of Coninand . The
ultimate objective of Army research and development is to develop
weapons, equipment , and techniques that are qualitative ly superior
to those of any potential enemy under all conditions of war. To
fuif ill this objective , the Army charts its course twenty years
into the future , beginning with certain basic guidance documents
that provide standardized procedures in the attack on the problem
and continuing down through a formalized set of steps and pro-
cedures to problem solution. These guidance plans are as follows:

a. The Basic Army Strategic Estimate (BASE) is a long-
range estimate of the situation which culminates in the statement
of a broad strategic concept and appraisal to meet anticipated
threats under all conditions. It considers national objectives
and policies , intelligence estimates , and joint planning , and , in
the projection of the strategic concept , the technological possi-
bilities.

b. The Army Strategic Plan (ASP) emphasizes the mid-range
period (2-10 years). ft is directed toward the determination and
statement of realistic Army objectives and forces , plus the deploy-
ments necessary for execution of the strategic concepts outlined
in the BASE.

c. The Army Force Development Plan (AFDP) insures that
materiel which results from the R&D program is integrated into
existing forces in a manner to best utilize available and on-
coming resources. During the development of the plan , R&D personnel
provide up-to—date information on the scheduled availability of

• systems under development and temper development progress in
accordance with the scheduleá for the fielding of such systems.

d. The Long Range Technological Forecast (LRTF) presents
knowledge, capabilities , and examples of materiel which science and
technology could be expected to produce over specified time periods
out to twenty years when supported by orderly programs of research
and development.

j
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e. The Army Research Plan guides research and exploratory
development and is the vehicle for planning course’s of action
leading to advances in the scientific and technological base. It
must support the desired operational capabilities which are derived
from the Army Concept Program (see belc~z).

f. Concept Program . Here , for the first time in the
program , USA Combat Developments Conmiand ( CDC) ass~unes a major role
in the R&D planning system. CDC has the mission to formulate
current doctrine for the Army in the field , to determine the type
of forces and materiel needed in the future , and to determine how
these forces and materiel should be employed . To accomplish this
mission , CDC develops a series of programs . Each program includes
a concept study, a statement of the probable threat , supporting
doctrinal studies , and all derivative combat development actions
necessary for modeling the Army of the future for a specific five-
year period . When the program becomes full y operational , concepts
will have been prepared and approved for each five years extending
twenty years into the future . Studies are identified by the final
implementation year ; i.e. , Artny-70 is the stu~y identif ying the
Army in the Field in the 1965-70 time period .

The Dertri al Studies, approved fifteen years prior to
implementation , provide the link between broad guidance included
in the concept study and the detailed methods of operation developed
by follow-on derivative studies. Doctrinal studies cover the combat ,
combat support , and combat service support aspects of Army
operations at the Division , Corps , and field Army level.

Basic Derivative Studies , approved ten years prior to imple-
mentation , provide an expansion of the doctrinal studies and are
branch or functionally oriented . As will be discussed later , the
USACDC Combat Support Group performs a key role in derivative

• studies pertaining to combat support functions . In addition to
developing small unit operations (brigade and lower), the
derivative studies provide requirements for specific organizations
and are the basis for tables of organization and equipment and
doctrinal field manuals .

2. The Five -Phases of the Program. USACDC employ s five
distinct phases in the systematic and scientific solution of
combat development problems. They are as follows:

‘Army-85 (75-85) Doctrinal Study. On 19 January 1968, the CDC CC
• directed that a letter be sent to DA informing them that our next

development program (which embodies doctrinal study subsequen t to

11— 2
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a. Phase I - Preparation of the Concept Study. This ,
of course, is the beginning phase. Here, the Concept Study is
formulated to determine the problems that exist, tasks involved
in overcoming them, and goals to be achieved. The following steps
are important in the preparation of the Concept Study:

(1) Based on National and Allied policy , all available
intelligence , scientific and technological forecasts and the
threat, USACDCIAS (Institute of Advanced Studies) prepares broad
guidelines for alternative operational concepts which include
precepts , outlines, and other appropriate aspects for the five-
year program period.

(2) Based on this guideline, the Institute of
Advanced Studies calls upon pertinent institutes and agencies of
the USACDC to provide them with branch and functional input. In
developing this input, institutes and agencies conduct an analysis
of the time period under consideration, including proposed concepts,
materiel requirements , and organizations envisioned .

(3) By means of a creative , selective, and verifica-
tion process , a concept study is finalized and submitted to DA
for approval. When approved by DA, the concept determined the
direction of Combat developments for the Army Concept Program.
All USACDC institutes , groups , and agencies will be kept informed
by lAS in regard to the development of the alternative operational
concepts via liaison visits , conferences , and in-process reviews.
The concept also provides a basis for development of Operational
Capability Objectives (DA-approved description of operational capa-
bility , the achievement of which is desirable in the long-range
time frame).

b. Phase II - Preparation of the Doctrine Study, QMDO and
QMR. Based on the approved concept study, the Institute of
Combined Arms and Support (ICAS) prepares the Doctrine Study. This
study involves the development of the Combat, Combat Support, and
Combat Service Support doctrine for the Army in the field. The
Doctrine Study, developed in considerable detail, extends to the
lower cosunand levels. In this study, ICAS uses the acceptable
branch or functional concepts developed by the agencies as input

CAAS-75) will be “the Army-85 (75-85) Concept Program”. Implied
in this decision is the concept that no Arzny-80 Concept Program will 0

• be particularly addressed as such. This decision in no way suggests
that the CDC 5-year development cycle has been abrogated , but in
fact, the intent of this decision is to assist in overcoming the
dampening effect of closely prograimned actions by combining the

11-3
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to the “Concept Study” as relevant data for the “Doctrine Study”.
The Doctrine Study serves as a synthesizing influence for the
separate branch-oriented concepts developed by the agencies , thus
providing the approved doctrine study a basis upon which the
agencies can develop their basic derivative studies . Materiel
objectives and requ i rements identified during preparation of the
doctrine study are developed as c~1DO or ~ 4R as appropriate.

c. Phase III - Preparation of Basic Der iva t ive  Studies .
During phase III , a series of basic derivative studies Is made to
determine the doctrine , organization , and materiel necessary to
support the new concept . Requirements for evaluat ion or follow-on
actions , for F ie ld  Manuals , and for submission or review of
Q u a l i t a t i v e  Mater ie l  Requirements (QMR) and Small Development
Requirements (SDR) are i d e n t i f i e d .

d. Phase IV - Preparation of Field Manuals and Tables of
Organization and Equipment. During this phase the approved needs
In personne l , materiel and organization identified by the basic
der i v a t i v e  stud y are implemented . The Agency prepares for approval ,
new or revised field manuals and TOE, containing approved doctrine
for integration into the Army in the field. -

•

e. Phase V - Evaluat ion . During th i s  phase , the en tire
plan is tested for va l id i ty  a f te r  which ,  the approved doc t r ine ,
materiel , and organizations are integrated into the Army in the
field. It must be remembered , however that evaluation cannot be
confined s t r ic t ly to Phase V. It is true that  Phase V , Itself ,
deals almost completely with the evaluation process, but evaluation
of some sort must take place in each of the other phases. The
concept , the doctrine , the organization , the procedures used , and
the policies followed must all be carefully evaluated at the
beginning , while in process , and at the end~ The use of operations
research techniques for empirical solutions to problems Implie s a
constant and on-going evaluation and analysis from beginning to
end - from concept to implementation .

3. Definitions. The following definitions arc Important to
an understanding of operations research methodology as employed
within Department of the Army .

• 75-85 time frame doctrinal developments requirement In a one-time
catch-up Army 80-85 doctrinal study effort. This doctrinal study
should include sufficient doctrinal transitional links cogn i zant
of those major materiel developments to be fielde~ In the post-75
time frame which may impact dramatically upon doctrinal and
organizational precepts embodied in the antecedent doctrine. In
this context , Concept-85 and Concept-85 Expansion will be the

11—4
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a. Qualitative Materiel Development Objective (QMDO). • 
- •

The statement of an existing need for a certain kind of equipment,
materiel, or system wherein the feasibility of successful develop-
ment is not known. Research and/or exploratory development are
still necessary .

b. Qualitative Materiel Approach (i~1A). The forwarding by
ANC to USACDC of one or more technically feasible solutions that
may evolve from R&D based on the QMDO that can be developed in a
specific time period if adequate resources are made available.
Upon receipt of the ~4A I a ~ tR is normally the next ininediate step.

c. Qualitative Materiel Requirement (~~(R). The ~.1R
differs from the ~4DO in that the technical and scientific
feasibility of developing the items or systems is known. The ~4R
is more specific In its definition and description of what is
required . The I~4R guides engineering development of an item for
service use.

d. Small Development Requirement (SDR). An approved
statemen t of a Department of the Army need for an item of equipment
of low cost and simplicity which can be developed in a relatively
short t ime and does not warrant the major effort required in
developing a QMR.

e. In-Process-Review (IPR). A review of a development
project conducted at critical points of the development cycle to
evaluate the status of the project, accomplish effective coordina-
tion and facilitate proper and timely decisions bearing on the
future course of the project.

• f. Disciplined Challenge to Qualitative Materiel Require-
ment (DCQMR). A formal evaluation , conducted subsequent to the

• approval of a QMR and prior to type classification , which considers
concurrently all aspects bearing on the QMR, to revalidate , amend
or el iminate the QMR. It is an additional formal analysis conducted

• subsequent to the approval of a QMR and prior to type classification
on selected high priority and high dollar value ~1R to determine
if , with passage of time , the QMR is still valid .

0 g. Essential Elements of Analysis (EEA). A series of
specific questions designed to direct the analytical process in a
study so as to provide comprehensive, complete, reliable, and
useful findings which in the aggregate will accomplish the purpose

0 of the study . EEA should indicate the scope of the analysis to be

conceptual foundation upon which the doctrinal effort will be
based .

11—5
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performed normally by being worded so as to require a definitive ,
not a “yes” or “no” answer.

h.  Stud y Me thodology . The analyt ica l  techniques used in
a combat development study. A detailed outline showing the step-
by-step development of the solution of a problem. It will include
the employment of Operations Research or other techniques as
appropriate , will identify the rationale for analysis and the
proposed method for synthesis by which input data are to be manipu-
lated , and will des ignate the criteria to be used to reach the
findings and/or conclusions .

i. Basic Derivat ive Study. A combat development s tud y
which provides an expansion of the information contained in the
doctrine study. It is oriented toward a comprehensive study f
one of the branches or functional areas of the Army in the field and
is normally prepared in support of each doctrine study. As such,
the Basic Derivative Study (BDS) is guided by, but not limited by
the doctrine study and is normally ini t ia ted prior to completion
of the docti~ine study. The BDS is prepared in sufficient depth
and detail to permit the subsequent writing of doctrinal literature ,
tables of organization and equipment , and materiel requirements.
Those combat development studies which consider specific subjects
not examined in the doctrine study or analyze a subject in even
greater detail or for a time frame not compatible with consideration
as part of a basic derivative study are identified as “Other
Derivative Studies ” and as “Special Studies” .

j .  User Guidance . The moni tori ng (as the representative
of the user) of the development of a specific item of equipment

• or system which is normally based on a DA-approved QMDO, ~4R, or
SDR. It includes all the ‘effort required , as representative of
the user from the time research and development is initiated
through to the initial issue of the item and includes the period
after the item is issued to the troops.
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CHAPTER 111 •1

~SG ORGANIZATION

1. General. Headquarters , USACDC Combat Support Group and
its assigned branch agencies are major producing organizations for
derivative studies , branch-oriented field manuals , proposed
statements of materiel objectives and requirements , tables of
organization and equipment , proposed statements of MOS require-
ments , and TOE manpower authorization criteria studies. The
Combat Support Group is charged with ensuring that its assigned
agencies develop and coordinate the doctrine , materiel require-
ments , organizations , and evaluation requirements for brigade and H
lower levels. To facilitate the accomplishment of its mission ,
USACDC Combat Support Group is organized into the following five
divisions : Administrative , Programs and Budget, Concepts and
Doctr1~ne, Materiel , and Organization and Evaluation. With the
exception of the Administrative Division , each of the remaining
four will participate in the staffing when operations research is
being employed to solve problems within the USACDC~SG mission.
Briefly, the chief functions of each of the four operational
divisions are outlined in succeeding paragraphs.

2. Prograzn’ and Budget Division. Compiles , coord ina tes , and
monitors execution of the USACDC Combat Support Group combat
developments program. This Division keeps the Commanding Officer
informed on the status and progress of the Group program and of

• individual projects, changes in priorities and schedules , the
impact of new projects , and gaps or duplications in the program.
The Programs and Budget Division provides guidance to Group Head-

• quarters and subordinate agencies for the development, submission ,
and review of funding requirements ; coordinates and monitors the

• funds for contractual research support management ; maintains an
up-to-date accounting of expenditures , obl igations, and funding

• requirements; implements DA and USACDC accounting and financial
management regulations and directives ; and monitors host installa-
tion implementation of Wi guidance as it may pertain to USACDCCSG .

3. Concepts and Doctrine Division. Examines all conceptual
and doctrinal drafts and publications submitted to the Group to
ensure correlation with the’appropriate Army concept program and
to ensure that all intensities of conflict are addressed under the
appropriate or postulated threat analyses. Through close coordina-
tion with assigned agencies, it ensures that combat developments
products of the agencies meet the conceptual and doctrinal
objectives and requirements in each Army concept program. This
Division is the point of contact between LJSACDC Comba t Support
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Group and other groups and co ands in regard to conceptual and
doctrinal st*Iies. The Concepts and 1~~ctrine Division is thefocal potn t of the Comba t Suppo r t Grou p in all matters per taining
to concept and doctrine. To ensure conformity in these areas , the
div ision ana lyzes basic derivative studies and field manuals pre-
pared by the ageucies ; reviews conceptual and doctrinal studies or
manuals which are IZACDC proponency other than L~ ACDC Comba t
Support Group; manages the development of basic derivative studies
by assigned agencies; supervises , reviews , and evaluates the
development of doctrine by subordinate agencies , as reflec ted in
the field manuals for which those agencies have proponency ; and •
coordinates closely with Materiel Division in flatters relating to
material and with Organization and Evaluation Division in matters
pertaining to Orgaaiization and to the proper means of employing
operations research to solve ~EACDC~SG problems.

4. $ateriel. Division. Supervises and coordinates combat
support derivative action. in the Materiel Phases of each Army
concept prOgram. It insures that the combat development materiel
requirements products developed by subordinate agencies meet the
objectives and r.quirements stated in the doctrine study for each
Army concept program. It ensures that user guidance is provided
research and develop ment ac tivities for the purpo se of mak ing
certain that materiel developments meet objectives or require-
men ts specif ied in QMDO ’s, ADO’s, (~1g ’s , SDR ’s and similar
doctnnents. It supervises , evaluates, and correla tes the flow of
materiel input from subordinate agencies to the I.~3ACDC develop-
mental institutes and other USACDC agencies. Materiel Division
also recomeends additions to , dele tion fro m , or modification to
combat support items of equipment and munitions of the supply

‘ system.

5. Organization and Evaluation Division. Reviews and
analyzes organizational and evaluation combat developments actions
and coordina tes these ac tions with subord ina te agenc ies , other
groups , and appropriate staff directorates of Headquarters , USACDC.
Participates in doctrine, materiel and organization studies and
formula tes , recommends , or approves operations research metho-

• dology for scientific solutions to problems in all three areas.
0 This Division reviews, for con trol and con tent , tables of distri-

bution and allowances and supervises and coordinates the develop-
ment of the Group’s portion of the organizational program. The
Organization and Evaluation Division also reviews agency field
experiment requirements and plans ensuring that the objectives are
compatible with the evaluation of prescribed combat support aspects
of doctrine, mater iel , opera tional , organ iza tional and log istical
concepts.
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CHAPTER IV

CQ4BAT DEVELOPMENT STUDIES

1. Definition and Classification. The principal reason for
the existence of the Combat Support Group is to contribute to,
develop , or complete studies that will lead to qualitative
superior ity of our men, weapons and equipment. As defined in
USACDC Regulation 71-3, a combat development study is a formal
analysis to determine new or improved operational concepts and
doctrine , materiel requirements , and organizational structure for
the Army. Combat development studies may be classified as follows:

a. Concept Study. A combat development study directed
toward guiding the development of a unifying concept for the Army
missions in the strategic/tactical environment fore~ast for the
period . The concept study is prepared as a basic step in an Army
concept program. It analyzes the threat , environment , technology ,
and strategic concepts contained in the Basic Army Strategic
Estimate , the Army Strategic Plan, and related studies. The
concept study addresses the entire range of Army tasks, including

• those of the Army in the field , and examines joint and combined
operations with other services and allied forces. It is approved
by both Headquarters, USACDC and Headquarters, Wi. As such, ~concept study, per se, is never formulated at Group or agency
level: Groups and Agencies contribute input as necessary , but the

• study is formulated and completed by lAS. Headquarters, USACDC
initiates the development of the concept study by issuing a study
directive . lAS then prepares a guideline for the study, including
precepts , outline, and other appropriate aspects. Early in its
preparation, lAS may , if necessary , require input from USACDC
Groups and agencies. In order to provide this input, the Group• and subordinate agency will conduct an analysis of the time period
under consideration, including proposed doctrine , materiel require-
ments , and organization. Groups and agenc ies will be kept abreast
of the development of the concept study through liaison visits ,
conferences , in-process reviews, and other appropriate means.
Agencies will submit their input through CSG to lAS, where
d ifferences or incompatibilities in the separate submissions will
be resolved .

b. Doctrine Study. A combat deve lopment study which
provides , for a designated time period , a detailed treatment of
the broad concepts developed in the concept study. In addition to
a general consideration of operational doctrine for the Army in the

____-
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field, the study addresses combat, combat support, and Combat Service
Support doctrine at the field Army, Corps , and division levels and
combat support doctrine at the field army, Corps, division , and
brigade levels. It is prepared by the IJSACDC Institute of Combined - •

Arms and Support and approved by }K~, CX and HQ, DA; it may be
initiated prior to completion of the supported concept study. The
doctrine study describes pertinent conflict environments, develops
scenarios, and evaluates type tactical and supporting force models
against plausable enemy threats. In the early stages of the
doctrine study, the Combat Support Group will require input from
agencies and guidance from the concept study.

c. Derivative Study. A combat development study which
provides an expansion of the information contained in the doctrine
study for a designated time period or which considers specific
subjects not examined in the doctrine study. These studies are of
two kinds , basic derivative studies and other derivative studies.
Basic derivat~.ve studies are oriented toward a comprehensive study
of one of the branches or functional areas of the A rmy in the
field;sucb studies are normally prepared in support of each
doctrine study. As such, they are guided by, but not limited by,
the doctrine study and are normally initiated prior to completion

L of the doctrine study. They are prepared in sufficient depth and
detail to permit the subsequent writing of doctrinal literature,
tables of organization and equipment and materiel requirements.
Groups and Agencies perform “other” derivative studies to analyze
a specific subject in even greater detail than a basic derivative
study or in a manner or for a time frame not compatible with
consideration as a part of a basic derivative or other study.

d. Special Study. A combat development study require-
ment directed by Headquarters, Department of Army and which

• cannot be satisfied by a progrmmsed concept, doctrine, or derivative
study. Upon completion, it is approved or disapproved by Department
of the Army.

2. Sources of Studies.

a. General. Combat development studies, elements of the
IEACDC program, are described in detail in Volume I, USACDC

• Pamphlet 71-3. The U~ACDC program is composed of four separateArmy concept programs , each of which addresses a specific S-year

2
It consisted of five programs until 19 January 1968 when the CC,

USACOC directed that the Army-80 and Ariny-85 concept studies be
combined.

IV-: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— - •-, ------. —-- .~ —— ,-,---.~.— - •—
~
,-- —-—-- - • .——- - •- -

implementation period . The first phase in development of each of
these Army concept programs includes the preparation of a concept
study, which is directed by W~, USACDC, and approved by DA. This
phase also includes a threat study , which is used to provide study
agencies with a forecast of the conflict environment and enemy
threat for the pertinent time period . While the concept study is
in preparation , providing an approved and valid threat projection
is available, the doctrine study may be initiated , based on the H
conceptual guidance furnished in the concept study and doctrine
study directive . The doctr ine study , directed by the ~G , USACDC ,is forwarded to DA for final approval. Approval by the CC, IJSACDC
of a concept or doctr ine study constitutes authority to use the
study contents as approved guidance within L~ACDC. Concept studies,
then, are never formulated or accomplished at Group level. HQ, CDC
and CDCIAS (Institute of Advanced Studies) generally call upon CX r
Groups and Agencies for specifically required input into the
Concept Study, but the Concept study, per se , is accomplished by
CDCICAS (Institute of Combined Arms and Support). The doctrine
study provides the link between the Concept Study and the detailed
method of operation arrived at by derivative studies. In other
words, the approved doctrine study constitutes approved guidance
for all der iva tive stud ies , the results of which must sooner or
later be fed back into the doctrine and concept studies to make
them complete for the time frame for the Army Program Concept that
they represent. It may be seen then , that the chief study with
which the 1.~A Combat Support Group is involved is the Basic Deriva-
tive Study ; that the Combat Support Group is functionally concerned
with making basic derivative studies to determine ways and means
of implemen ting the concept and doctrine at brigade and lower
levels of conunand. All Group studies are prepared by direction or
approva l of the cc , USACDC (unless the CC USACDC has granted
approval authority to a Group agency). In the case of basic
derivative studies , the approval author ity is normally delega ted to
Group Headquarters . They are not necessarily forwarded to HQ,
USACDC for approval unless expressly d irected by the study d irec tive
or other instructions. The following specific principles apply to
all derivative studies .

(I) Basic derivative studies must be in consonance
with Army plans and with the USACDC concept of operations. They
will be prepared as phased efforts in accordance with th~ CriticalDate Analys is Gu ide in Volume I of USACDC Pamphlet 71-3.

3
The critical Date Analysis Guide has been deleted from Volume I,

IJSACDC Pamphlet 71-3 , but a forthcoming letter from HQ, USACDC will
give milestone dates for CX Basic Derivative Studies. CDC will
publ ish a new critical Date Analysis Guide sometime during early
FY 69.
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(2) Studies will normally be approved by the Head-
quarters which established the requirement for the study and/or
issued the study directive .

(3) Derivative studies directed by group Head-
quarters but having cost analysis or trade-off implications will be
coord inated w ith Headquar ters , USACDC to determine whether that

• Headquarters desires to assume approval authority.

(4) Studies with foreign policy impat t will be
coordinated with HQ, CDC to ob ta in cl earance from the appropr iate
DA general staff agency before the study is initiated or as soon
as the implication is identified .

(5) Foreign Intelligence data used in the preparation
of studies will reflect the most recent information available and
will be based on intelligence approved by the Wi Assistant Chief
of Staff for Intelligence , D ef e n s e  Intelligence Agency , and the
USACDC Plans Directorate . Target arrays, if reguire& may be
selected from those considered most apDropriate and as listed in
USACDC Pamphlet 381-1. Foreign Intelligence Reference Guide. They
may be modif ied or updated as necessary, but any modification or
,~~~ at ing of targe t arrays or threats mus t be approved by HQ.. CX.

(6) Studies which cannot be performed within the
capabilities and resources of the proponent agency may be
recotanended for execution or support by contractual assistance in
accordance with USACDC Regulation 71-6. Another source of
assistance from outside resources is the unfunded study program
(see AR 70-35, Unfunded Study Program).

(7)  Early in the study , consideration mus t be given
to the degree of participation by other Army cousnands , particularly
the Army Materiel Coninand, and other services and governmental
agencies in order to insure sufficient lead time in the development
of the study .

• 3. Initiation of Studies. Combat Development S tudies may be
i n i t i a t ed  in any one of the following ways:

a. By directive or request from higher headquarters . As
socn as a study need is recognized as being a requirement in support
of the USACDC program , the Conznanding General , USACDC issues a
study directive . The directive sets forth the parameters , that is,
the purpose of, objectives , scope, basic facts and assumptions,
and ‘~ecessary detailed guidance for specific problem areas and
appropriatr time frames. The directive contains a statement of the
purpose and the tasks to be performed ; specifically, what is to
be accomplished and for what reason or use. (To insure the
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maximum degree of professional competence in the study area, Head-
quarters, USACDC may require the propouent element to prepare a
draft study directive . In such case , the proponent agency viii
prepare the draft in accordance with procedures outlined in
APPENDIX 1, tEACDC Regulation 71-3 and submit it to the directing
headquarters for approval.) The study may be ii~ the nature of
input to concept studies being conducted by LAS or ~~ctrthe studies
being conducted by ICAS .

b. By identification of need at Agency or Group level.
Frequently, a Group or proponent agency will analyse a study
directive and ascertain the existence of various sub-problems that
must be solved in conjunction with, or prior to the beginning of
the principal derivative study. When such a need is determined , —

the proponent agency may refer the initial directive back to the
d irec ting headquarters with rec~~~endation for ~~~n~~ent to the
original study directive , or it may submit a L~ ACDC For. 87 to
request authorization for a separate study.

c. By request from other agencies. Another agency having
proponence may need information in order to develop their study.
In such cases , that agency may request the agency or group most
technically competent in the particular area to perfor, the study
or provide inputs to a study.

d. By request from Army Materiel Co and or other major
coninands. Frequently, study needs will develop as a part of
larger studies being carr ied out by ANC or other commands. Such
needs may be in the area of technical competence of a CX agency
or organization , or in some cases , it may be advantageous for CX
and the other command to collaborate , confer , or work jointly on
a derivative project. In such cases, the project must be approved
by the CC , USACDC.

e. By request from USCONARC school. Each ~~C0NARC school
has Combat Development representatives. Because of the intimate
contact existing between USCONARC schools and the Army in the
f ield , valuable sources of infors~ation may appear early at the
school. Analys is of such inforsation will frequently reveal the
need for a study in a particular area. In such instances , the
school makes the requirement known to CX, the need is tied in with

- • a concept program , and HQ, CX issues, or causes to be issued , a
study directive.

f. By solicited and unsolicited recotanendation from
civilian industry . One of the primary missions of USACDC is to
avail itself of advances it’ technology which will increase the
effec tiveness of the defense establishment. To do so, it is

• imperative that advances in civilian as well as military technology
t~~ observed and , where practical, adopted . Frequently, USACDC
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will  call upon indus try for studies which, in the process of completion ,
will generate requirements for other studies . When a valid recommenda-
tion from industry is received , USACDC will issue a study directive.

g. Other means by which studies are initiated will often
stem from requirements of the Air Force , Navy , or Marine Corps; and
from international organizations such as NATO and ABCA.

h. By In-Process Reviews . An important step in the
evolution of any study -- a step frequently leading to other studies--
is the In-Process Review (IPR). The IPR is the evaluation of what
has been accompl ished , what is to be accomplished , and the relation-
ship of both of these to the overall objective . Such evaluations * ‘

may be in the form of formal IPR’s or may be an assessment by an
individual officer to insure that his efforts are being directed
to~*rd accomplishment of the desired objective . When an additional
study requirement is generated as a result of an IPR, the proponent
agency should prepare a USACDC Form 87 and submit it to Head- I
quarters , USACDC . I

i. By Project Advisory Group recommendation. When studies
or special projects are performed by contract for ~~G or subordinate
agencies , HQ, CSG will publ ish special orders appointing a project
advisory group (PAC) to guide , direct, and monitor the contract
study. The PAC will submit to cSG , through the proponent agency ,
requests for modifications, changes, extensions , or termination of Pa
any contract for scientific support as soon as the need therefor
becomes apparent. A PAG would recommend further or new studies for
requirements generated in the course of the contracted study but
not provided for by the original contract.
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CHAPTER V

°PERAT IONS RESEAJ~CH 
~€TH DOU~~Y

Hi~

1. General Before the readj~~ of thjs Pamphlet is

Contjflued~~~~
___.. 

of Part 1 Methodol0 
Notebook for Action

United States 
~~~~ Co~~at Development Co

~~afld Hay 1967 ShoUld

be made Par t 1 provides basic guid~~~~ in and info
~~atjon on the

backgro~~d and characteristics 
of operations 

research its phases

the 
~~~~ FUflCti

~~_phase Mi 
Matrix, and a brief insight into

the available 
operations research technique s2. The Scientific A roach The Primary reason for the

existence of USA~~~ is to determine how the A~~ y sha l l  fight , how

it sha~~ be equi pped and how it shall be organ ized An accura te

de te~~fnatj in these areas is Possible only through scientifiC

ana lys is or empIo
~~~~t of the scientifi 

approach and its Coptj~

uance to a~ empiri cal soj~~~~~ The scient i fi  approac h consists

of the fo
~~ula tion of hypothesis and testing them by controlled

experiment an~ trials with the aim of 8uiding the decision maker

in the selection of a 
~~~~~~~ The ana lysis that follows must be

based Upon a logica’ sequentj5j 
approach 

Observati 
and state

k 
ments about the Situatjo~ mus t be sub jec ted to inqu iry regard~055

of how obvio~51~ tru e they may appear on the surface This must be

done ifl such a map
~er that the problem ass~~~~ a precise and

i rrefutable  aspect through a Concise descri pt io3. Pro~~~~ Identific ti and Definition 
Studies are

forwarded to the Combat Suppo~~ Group and to its related agencj~5

for solu tions to problems In many cases the problems will be

completely identified Upon arriva l Ifl oth~~ cases , Often in the

matter of Concept and doctrine it will be necessary for the group
begj~ i

~~~diate1y Here , evalua tion mus t take Place at the

or agency to define the problem Thus a process of evaluation must

begj~~ j~8 of the Stud y as 
~~~~ as at the end. 

~~ j5 is so because

earl y dete
~~inati must be made as to the definiti0~ of the

Problem , its isolation from other problems , the scientific

investiga ti technique that is most appropriate , and the
identification of measurement data that are to evolve at the end

of the Study. Once a problem has been identified and the decis~0~

is made to Solve it, the process of evaluation is continuous from

evaluating the essential elements of ana lysis and the various

items of 1flput data Ufltil the evaluation of the d
~~trine being

of the User.

appl ied by the A~~y in the field or the item of materiel in the
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4 . Knowledge Caps. Basically, the attack on a problem is
occasioned by a coordinated effort on the part of Administrative
Division , Concepts and Doctrine Division , Organization and Evalua-
tion Division , and Materiel Division. A particular study may be
initially received by Administrative Division and forwarded to the
other division in whose specialty area the study lies. If the
study is one that requires riere assembly of existing data or the
accomplishment of library-type research , it may be executed and
completed within the confines of the proponent division and the
relevant agency or vice-versa. Most studies , however , will require
some form of empirical solution , or they will contain a knowledge
gap which must be closed by scientific analysis and research into
the problem area. When a know ledge gap is iden tified , the re ar ises

• a requirement for initial evaluation . Sta f f ing agencies must
remain on the alert for early recognition of these knowled ge gaps
so as to insure that a stud y is not begun wi thout  steps having been

• taken that will lead to early evaluation of the problems and to the :
scient i f ic  and economical approach to the i r  resolut ion . It  is a
common staffing e rr or to think o f evaluation only in te rms of the
f i f t h  or f ina l  phase of a s tud y. This error may resu l t  in much
work being done beLore it is discovered that essential areas of
study have not been clearly identified or that much of the e f f o r t
has been ~i.isted. When such gaps are discoverc~d , they should be
forwarded immediately to the Organization and Evaluation Division
where operations research techniques will be employed in the attack
on the problem areas (see Figure 1). So.ne projects , by their
nature , are knowledge gaps. An example of this point would be an
effectiveness study to determine which of several alternate
approaches is the most effective . The staffing direction in such
a case is fairly obvious. The most effective ot several alternate
approaches generally can be determined only through scientific
analysis. Such a study should be referred to the Organizat ion and
Evaluation Division .

5. Factors Requiring OR Determination. U pon recei~”t of a
problem , Organization and Evaluation Division will analyze it for
determination of the following factors.

a. Method to be Employed . Not only must the research
analyst prescribe the EEA , select a meaningful  and economically
attainable objective , name the parameters , and develop criteria ,

• but he must also develop a group of alternatives which are repre-
sentative yet not exhaustingly excessive in number--economi~a1
yet effective . With the relevant data at hand , he is then ready
to determine the model that is most appropriate and , hence , the
one that will signal the research technique that is to be employed .
He may select any one or any comb ination of the following :
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(1) Analytic Modeling.

(2) Simulation.

(3) Research Wargaming .

(4) Field Experimentation .

(5) Troop Testing.

(6) Cost/Effectiveness Analysis.

(7) Human i!actors Analysis .

(8) Systems Analysis.

b. In-House or Contractual Accomplishment o Study.

(1) General. For the most part , it is desirable to
complete as many studies as prac t ical within the assigned resources
of USACDCCSC and its assigned agencies. However , there are numerous P.
highly valid reasons which preclude in-house accomplishment of given
stud ies and make it more advantageous to complete the studies through
contractual agreement with industry. Severa l factors which often

• preclude “in-house” accomplishment are:

(a) The need to keep abreast of the latest
technological trends throughout the United States and f r i end ly
nations .

(b) The need to employ physical plant and
scientific resources which are available to indus t ry ,  but which
are not necessarily available to the Armed Forces.

(c) The exist ing workload within Group and
Agency resources fu l ly  committing presently assigned personnel and ,
thus , making it impractical to take on new work.

(d) The time factor and the urgency of the need
making it imperative that the to ta l  weight of scienti f ic t al en t ,
natural and scientific resources , and large quantities of man month

• work be brought to bear within a minimum time frame .

(e) The need for professional talent in areas of
specialization that are foreign to Group and Agency assets.

(2) In-House Accomplishment . When O&E Division has
determined that a given study is within the capabilities and

•.. 
_____ ~~ _____________________  
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resources of the Group 0r its assigned agencies, the CO, CSG m ay
direct that the study be completed in any one of the following ways:

(a) It may be completed at Group level.

(b) It may be completed by operations research
personnel at agency level.

(c) It may be analyzed partially or completely
by CSG operations research personnel and then forwarded with
prescribed operations research methodology to the agency.

(d) It may be partially completed by CSG operations
research personnel and then forwarded to the agency for solution to
selected problems and return to Headquarters , CSG for completion.

(e) It may be jointly analyzed and research
methodology defined through coordinative effort between CSG OR
personnel and agency OR personnel with the agency completing the
study.

c. Types of Contractual Scientific Support. Procurement
of scientific support by means of a contract is justified only if
there is a necessity for the use of scientific skills, techniques,
and capabi1iti~s not otherwise available to the Army . It may
properly be used for the following purposes:

(1) To provide an end product which furnishes a
• scientific basis for a necessary dec ision.

(2) To provide operations research support in the
form of systems analysis , cost effectiveness analysis , simulation ,
wargaming , and human factors analysis.

(3) To develop techniques and methods for the conduct,
control , and evaluation of wargaming , field experimentation , and
troop testing.

• (4) To devel~ p techniques and methods for the
• accumulation, processing, and analysis of relevant data in
• accordance with accepted scientific principles in order to insure

that conclusions reached are valid and scientifically supported.

V-5
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CHAPTER VI

CONTRACTUAL RESEARCH SUPPORT MANAGEMENT

1. Responsibilities of CSG. Once the decision has been made
(either at Agency or Headquarters , CSG level) to obtain contractual • 

-

scientific support , the following actions are incumbent upon Head-
quarters , CSG:

a. Determining the requirements for contractual scientific
support at the earliest possible t ime , both for Headquarters, CSG
and assigned agencies, and submitting appropriate requests to Head-
quar ters , CDC.

I
b. Disapproving requests for contractual scientific

support from subordinate agencies when such requests do not satisfy
CDC criteria. However, if a request pertains to a directed special
project , a summary of the request and the reasons for its disapproval
must be forwarded to CDC.

c. Coordinating and monitoring all contracts and requests
for scientific support for itself and any subordinate agency in
order to insure that:

(1) There is no duplication of e f for t  or overlapping
of projects.

(2) Wherever practical, all tasks falling within the
scope of a project assigned to a particular contractor are performed
by that contractor, even though it may be necessary to request
anencknent to the contract or to extend the period of performance.

d. Advising CDC of any new scientific deve lopment ,
state-of-the-art advance, or technological breakthrough resulting
from the performance of a particular contractor.

e. Insuring that required reports and reviews and
evaluations of contractor performance are accomplished and sub-
mitted at the proper time.

f. Submitting to Headquarters , CDC , requests for
modifications, changes, extensions , or terminations of any contract
for scientific support as soon as the need therefor becomes
apparent.

I
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g. Making available a project officer or a qualified
contracting off Lcer ’ø representative when requested to do so.

2. Procedures for Submitting Contractual Requests.

a. The element of the Command which first identifies a
requirement for scientific contractual support will prepare a
USACDC Form 87 (Action Control Record) to identify the new action.
This Form 87 will be processed in accordance with Vol 1, USACDC
Pamphlet 71-3, April 1968.

b. The request for contractual scientific support will be
made in the form of a letter addressed through channels to lLQ ,
USACDC, ATTN: CDCRE-O. This letter will include as an inclosure ,
a copy of the Form 87 and subject to the exceptions stated in “c”
below, contain the following information:

(1) Objectives. Concrete statements as to exactly
what the action will be designed to accomplish.

(2) Nature and Scope. A description of the problem
and its limits and the specific areas of investigation which will
be explored during the conduct of the action.

(3) Need for the Action. A clear statement of
existing problems or undesirable practices, conditions, or situations

• which generated the requirement for this proposal , and the degree of
urgency involved , with reasons, or title and date of action directive .

(4) Assumptions or other guidance which will control
the action.

(5) Results Anticipated . Clear statements of the
• specific results which can reasonably be expected from the required

action ; the specific end product if one is required , such as a new
or revised manual; qualitative improvements the action reconinenda-
tions are expected to achieve; estimates of expected economies in
terms of money, man-hours , personnel, material , and units of
production.

• (6) Impact of Disapproval. A statement of the actual
or estimated effect on the mission of the Group or agency should the
requested action fail to receive approval.

(7) Skills. Requisite skilla to be utili?ed and
• evaluation of the skills available within the sponsoring head-

quarters or assigned agency to show whether there is a lack of in-
house expertise to accomplish the work.
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(8) An estimate of the cost.

(9) Estimated period of performance.

(10) Estimates of level of effort in terms of man-
months or years in particular occupational categories.

• (11) Desired commencement date.

(12) Recommendations concerning contractor , if
• appropriate.

c. Where the request for contractual scientific support
must be submitted before all the information required in “b” above
is available, the request should so indicate, and the missing
information should then be furnished at the earliest practicable
time.

I

• 3. Relations with Contractors. AR 600-50 prescribes standards
for and places restrictions upon personnel with regard to procure-
ment and related activities. Provisions of AR 600-50 must be

4 strictly followed. In addition , all personnel will observe the
following:

• a. A contractor will not be requested either formally or
informally to submit a proposal or quotation without prior approval
of Headquarters, USACDC.

• b. Presolicitation conferences or so-called bidders
conferences will not be held without prior approval of HQ, USACDC.

c. Prospective contractors will not be furnished
information or guidance in addition to that given them in synopses ,
invitations for bids, requests for quotations, or in authorized
conferences of the type described in 3b above, without the specific
approval of Headquarters , CDC in each case.

4. Monitorship of Contracts. The Commander of the USACUC
element which receives scientific contractual support is responsible
for monitoring the performance to insure that the contractor’s
progress and end product are consistent with the projects and tasks
assigned. He will also be responsible for making a recommendation
to the contracting officer concerning acceptability of the work

• from a technical standpoint. The Commander may des ignate a member
of his command as a project officer to perform this function or he
may perform it himself. In either case , the project officer will
be responsible for keeping the contracting officer informed . The

p project officer and the contracting officer ’s representative
(frequently they will be the same officer) are tie Army ’s chief
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means of providing monitorship of contractual scientific support ona day-to_day basis. For longer periods a~d for more thorough reviewand evaluation csc will appoint a Project Advisory Group. If astudy pertains to a materiel deve1op~~nt project , it may also beevaluated by an “In-Process..Reviewn

a. Project Advisory Group (FAG). As a minimum, eachscientific or operations research support contract for whichIJSACDCCSC has responsibility will require the formation of a PAG.Policies and procedures relative to the establishment composition ,and func tions of PAG ’s are defined in USACDC 
~egulation 71-16,27 July 1967, and USACDCCSC Regulation 71-4, Il March 1968. EachPAC is charged with the mission of providing overall monitorship ofcontrac t stud ies for which they are responsible and managerialliaison bet~~en the proponent cosmiander and the contractor(s)providing the scientific support. The objective is to insure thatthis support is developed under the proper terms of reference andthat it responds to contract directives. PAC’S will provide adviceto the proponent commander and respond to his direction in allmatters pertaining to performance of the contract for which theCoessander has the ultimate responsibility. To insure high qualityimplementati0~ of the CSG and CDC FAG regu1atj~~~, each proponentagency commander should evaluate FAG membership and operatio~~1procedures for determining conformity with regulatj~~s and identifyji~g

areas that will enhance PAC employment. Items not necessarily listedin the regulatjon~ that may promote PAC efficiency are as follows : L
(1) Scheduling of Meetings. FAG meetings must occurnot less frequently than quarterly; however, there are numerousinstances when great advantages can be derived if the FAG meetsmore often. When full FAG meetings are impractical for validreasons, the chairman is authorized to convene a few members fordisposing of matters deemed necessary. It is, in many cases ,preferable that matters be considered by a few members rather thanbe postponed until the next quarterly meeting.

• (2) PAG Membership. 
~DC Regu1a~~~~ 71-16 and CSCRegulatj~~ 71-4 specify the minimum composition of a FAG. Eachregujatjo~ provides considerable flexibility for contingenc iesThe important point for agency commander consideration is FAGnominee qualificatj0~5 All FAG members should possess a majority• of the following characteristics:

• (a) Vital interest in the project.

(b) Knowledge , talent , or experience in the• subject area.
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(c) Purposes oriented toward the project
objective.

(d) Availability on a continuing basis.

(e) Willingness to devote the necessary time.

(3) Membership Responsibilities . FAG duties are not
extra-curricular. They are part o the assigned duties of every
member. It is important that each FAG appointee avail himself of
every opportunity to keep abreast of project progress and that he
come to each FAG meeting fortified with contributions of a meaningful
nature.

(4) Scheduling of First Meeting . The chairman should
convene the PAG as soon as possible after the contract is awarded .
By so doing, all members will be afforded the opportunity to review
the study plan and methodology and make contr ibutions or reconiuenda-
tions as appropriate , thus providing occasion for all parties to the
contrac t to start off together in a well oriented manner.

b. In-Process-Review (Ira) . “A formal meeting which is
directed by Head quarters , USACDCCSC at the request of the proponent
agency at critical points in the development cycle of a pro ~ect and• which is held to evaluate the s tatus , ac comp l ish c oordination , and
facilitate timely decisions hearing on the future course of the
project.” This definition was published in USACDCCSC Regulation 71-3 ,
8 November 1966. Ac tually , every headquarters at a higher than t~SC• level appoints committees from time to time to conduct IPR ’s .
depending upon the level of proponency of ~i particular project. The
IPR is used extensively by Army Materiel Command because of the materiel

• developmental nature of ANC pro jects . CSG action officers are
frequently required to participate as members of IPR panels of other

• organizations. At CSC, the IPR is not employed nearly as extensively
as the FAG. Both the IPR and the FAG are vehicles for evaluating
progress and provid ing advice to the contractor or project officer.
CSC employs the PAG more often because it has been adapted more to
our purposes and objectives as established in CSC Regulation 71-4.

• S. Alternatives for Obtaining Required Contractual Support.

a. General. HQ, CDC has several alternatives in
obtaining the required contractua l support contained in .~nv givenrequest.  These are :

• ;• (1) Assign the task to ~ ~‘ontractor under an existing
continuing contract.
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(2) Contract through competition or on a sole-source
basis. The determination of any of the methods referred to herein
is governed mostly by the type of work to be performed, the knowledge
that headquarters staff personnel have as to the capability of the
many firms in the particular field, and the urgency of the study
effort.

b. If thc.~ estimated cost of the study is more than
$100,000, - the Secretary of the A rmy is responsible for reviewing
and approving the study. The Chief of Research and Development is
responsible for reviewing and coordinating with interested agencies
and forwarding such requests to the Assistant Secretary of the Army
(R&D) for approval, all projects estimated to exceed $100,000
without regard to the type of funds.

c. If the estimated cost of the study is less than
$100,000, the Chief of Research and Development (CRD) is responsible

• for reviewing, coordin~iting and approving those OR projects which
use RDT&E funds. Responsibilities for contracts of less than U• $100,000 using other than RDT&E funds are spelled out in Section III,
AR 1-110 , 22 January 1968.

d. Requests for a new or separate contract or modification
of an existing contract are submitted to a contracting office in the
form of a letter from Headquarters, USACDC. The request for the
contract action will include:

(1) The scope of work.

(2) Technical evaluation factors to be indicated in
the request for the proposal.

(3) Citation of funds to finance the contract.

(4) A request that a USACDC individual (military or
civilian) be designated the contracting officer ’s representative
or be designated as project officer to be responsible for monitoring
the study effort of the contractor and to advise the contracting
of Lice of the delivery of the product and the performance of the
contractor.

(5) Security requirements check list , DD Form 254. 
- •

(6) Reconinended sources for obtaining the proposals.

e. With respect to obtaining Headquarters, USACDC
continuing-type contracts , the following is the general procedure
used:
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(1) Approximately 6 months before the contract
is due for renewal, requirements are developed as to the potential
level of effort to be required during the next contract period.
These requirements are condensed into several broad project
categories and are used as the basis for preparing the Determination
and Findings for submission to the Assistant Secretary of Army
(Research and Development).

(2) The procedures outlined in sub-paragraph “d”
above are followed in submitting a request to a contracting office.
The major difference is that the contract contains authority for
the Contracting Officer’s representative to assign tasks to the
contractor on an “as needed” basis. These tasks may be changed at
the discretion of USACDC. Under the terms of the contract and of
course , subject to the approval of the contractor , tasks may be
assigned under these continuing contracts which will cause the
contractor to accelerate the technical effort procured under the

- 
contract. This procedure gives USACDC the flexibility in contractual
support in meeting program requirements. Under current procedures,
continuing contracts are being awarded on a multi-year basis. This
provides greater flexibility and longer periods of operation without
going through the administrative procedures of contracting. Theser contracts are awarded initially on the basis of competition.
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CHAPTER VII

EVALUATION H

1. General. In the first part of this pamphlet it was stated
that evaluation of a study or plan is the fifth phase of the process.
It was emphasized , however , that it cannot be confined to the fifth
or final phase. Some form of evaluation must occur in each of the
five phases. Before discussing the final or fifth phase, it is
necessary to consider several critical points that are common to
nearly all studies. Each point is a vital part of the overall
evaluation process.

a. Intended Use of Study Results. The most critical phase
of a study effort is the very first step when the sponsor decides
what use he will make of the study upon its completion. This purpose
will dictate objectives, scope , and timing and may indicate the
method to be used. Surprisingly enough, such an important point is
overloo1~ed in many studies, and the effort goes from conception to
conclusion without the sponsor ever having a very clear idea of the
purpose of the study.

b. Necessity for Adequate Time. A reasonable amount of
time to conduct a study is essential to success. Time allocated for
some studies is unreasonably short. It is unreasonable because the
requestor does not really need the information so quickly, or because
the time allocation does not permit the study group to develop the
subject adequately. Most special study requirements demand the

• development of a new methodology as well as research and analysis .
• The time element must be cos~~letely evaluated in terms of time and
F effort.

• c. Continuous Moi~itoring of Contract Effort. During the
course of the study , the sponsor must monitor the activity and
provide new direction whenever it is needed . This calls for delicacy

- and tact since Command prerogatives or contractual relat ionships are
involved. Special studies break into new and unexplored areas. The

• problem is actually defined in the course of the study. The context
in which the study is made often changes at higher command levels.
The sponsor must evaluate such changes in terms of their relation
to the study he is sponsoring and be prepared to redirect his efforts
accordingly.

¼
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d. Examination for Credibility of Data. The credibility
of the data in Army studies has frequently been attacked -- and
with good reason . A certain skepticism is needed . Numbers are
necessary to the nature of studies but numbers associated with the
enemy ’s capabilities or the performance of future systems are f .
really assumptions . Assumptions control conclusions . Invalid
assumptions destroy the utility of stud ies . When doubt exists , data
must be varied within parameters to test the sensitivity of the
conclusions. At this point , evaluation must be thorough , logical ,
and complete. Operational data accumulated by experience should be
applied equally to proposed systems and competing current systems ,
not skewed in favor of the proposed system .

e. Preliminary Evaluation at Project Completion. When the
study is comrleted , the sponsor should make a preliminary evaluation
and develop a tentative course of action before circulating the
study for comment. Focusing comment on the follow-on actions assists
other staff agencies in their review and makes their comments more • -

germane to the purpose of the study.

f. Broad Guidance as Opposed to Definitive Instructions .
The initial guidance which some agencies receive for the development

• of studies frequently is so detailed as to restrict the study
unnecessarily or it is written in such a manner that it does not
indicate what later evaluation proves to be the actual goals. To
preclude unnecessary restrictions , it is often to the sponsor ’s
advantage to seek broad guidance from directing headquarters and . -~~~

if this is not practical , to evaluate guidance thoroughly and
promptly for compatibi l i ty with  purpose , scope , and obje ctive .
Broad guidance can be further defined by judicious inclusion of
app licable Essential Elements of Analysis (EEA). These EEA should
be listed and designated in such a form that the general questions
(of interest to such elements as ICAS) are clearly separated from
those of interest to HQ, CSG and to the agency concerned . The
number of EEA should be held to a minimum. Additionally, EEA should
be written to permit short , specific answers. The sponsor should
evaluate the study directive and , using proper channels , should
attempt to obtain improvement when guidance directives are cumbersome ,
ambiguous, or unnecessarily restrictive in nature. In addition to
the above, HQ, CSG and agency personnel should recognize the fact
that situations will continue to arise in which specific objectives
unforeseen for the original study must be undertaken. Also , it must
be understood that new requirements are frequently added while a
study is in process. CSG and agency action officers are then
concerned with the problem of analyzing and evaluating the changes
and in minimizing expenditures in terms of manpower , money, and
materiel.
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g. Judicious Use of PAG’s and IPR’s. There is , at times,
a tendency at all levels to attempt to define and to solve problems
by time-consuming and rambling brainstorming sessions with partici-
pants drawn from outside the proponent organization . For the
development of Basic Derivative Studies , Advisory Working Panels
should be established only under exceptiona l circumstances . When
properly used , PAG ’s and IPR’s would serve the same purpose.
However , neither the PAG nor the IPR should be scheduled without
•prior publication of a detailed agenda in which problems and
questions requiring resolutions outside the proponent agency are
specified . Staff visits are preferred over Advisory Working Panels
Inasmuch as such panels tend to dissipate limited group resources ,
the policy is to limit them as much as possible .

h. Evaluation of BDS Study Techniques. Both HQ, CSC and
Agency action officers can improve on study content and conserve
time by evaluating proposed Basic Derivative Studies with the
following (thoughts) in mind :

(1) Completed BDS should permit agencies , using
common approved force models as an analytical tool , to analyze type
forces for the time frame under consideration and then to develop
field manuals , materiel requirements , and TOE with a minimum of
additional research. The analysis of type forces with suitable
alternatives, will facilitate the development of the organizations ,
basic equipment, and doctrine for the Army in the field. Subsequently ,
the proposed organizations w i l l  be compared to those of the present
Army, or currently approved study recommendations. All major
unresolved differences , gaps , training implications and evaluation
requirements resulting from this comparison will be highlighted with
suitable reconinendat ions.

• (2) It is not the policy of HQ, CSG to require its
agencies to develop complete troop lists for each force model.
(Situations may arise wherein lists must be developed for specific
units in order for agencies to develop suitable recommendations for
their own BDS and to develop data as input to other studies.) On
the other hand , the provision of type units with a general listing
of key systems, equipment , personne l requirements and skills appears
to be more applicable to the development of BDS. If subsequently
required for implementation, detailed troop lists may be provided
in follow-on actions after approval of the BDS.

(3) Since force models are used as analytical tools,
HQ, CSG does not recommend that they and their accompanying scenarios
duplicate actual contingency situations. This duplication would tend
to emphasize the present or near-future time frame. CDC, whose mission
is oriented principally to the future, should not be in the business
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of “putting out fires” iii the present time frame. On the other
hand , within the scenarios, CSG encourages the use of geographical
areas in which a high probability of US concern is anticipated . - 

-Required CDC research and study effort may then be of greater
utility.

2. Field Experiments and Troop Tests/Field Evaluations.
Troop Tests/Field Evaluations are the final phases of the evaluation
process. They take place immediately before the new items are
placed in the hands of the user and , in many cases, actually continue
after the new doctrine or new items of equipment are being employed 

• 
-

by the Army in the field. Field Experimentation and Troop Tests/
Field Evaluation have two characteristics: (1) That of being the
most vi tal  part of the evaluative process and (2) That of being an
important and often used operations research technique. Field
experiments and troop tests/field evaluations will be discussed in
the next chapter which is the first of several chapters on operations
research techniques. H
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CHAPTER VIII

FIELD EXPERIMENTS AND TROOP TEST/FIELD EVALUATIONS

1. General. Among the techniques for solution of mil i tary
problems by operation research methods are field experiments , troop
tests , and field evaluations. A field experiment is most profitable
near the beginning of the combat development cycle where it is used
to provide basic data inputs for studies. Troop tests and field (
evaluations are normally conducted near the end of the cycle
(Evaluation Phase) to test doctrine , organization , and materiel
insofar as it influences doctrine and organization. :-

2. Field Experiments. A Field Experiment is a controlled
exercise conducted to collect objective data on a specific problem
area for use in developing or evaluating new or improved operational
and organizational objectives, concepts , tactics , techniques, pro-
cedures , qualitative materiel development objectives or qualitative
materiel requirements.

a. Conditions for Experiment. Field Experiments are
intended to solve specific problems identified within the combat
developments program. Field experiments are conducted under con-
trolled and Instrumented conditions designed to influence the
specific parameters to be measured , analyzed , and recorded . For - 

-

the purpose of conducting needed experiments , US Army Combat
Developments Command Experimentation Command (USACDCEC) has been I 

-

established . HQ, USACDC will direct USACDCEC to conduct a field
experiment under the following conditions:

(1) When directed by Department of the Army.

(2) When an evaluation by CDC reveals that the
experiment is necessary.

(3) When a recommendation has been made to CDC by a
subordinate element for the conduct of an experiment. (Justifica-
tion as required by USACDC Regulation 71-7, Appendix III.)

(4) When a recommendation has been made to CDC by a
separate command and is deemed valid.
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b. Experimentation Planning Responsibilities. Training
Texts for use by USACDCEC in planning , organizing, and training
experimental organizations will be prepared by the CSG proponent
agency. Draft training texts will be submitted by the agency to HQ,
CSC for approval. HQ, CSC will coordinate the text with CDCEC prior
to approval. After approval , the final draft training text , with
recommended distribution , will be forwarded to HQ, CDC for publication
and distribution. An outline plan will be prepared by CDCEC and sub-
mitted to CDC for approval and to other interested CDC elements for
information.

c. Military and Scientific Interface. The operations of
CDCEC will integrate the efforts of the military and scientific
staffs. The conduct of field experiments will be based upon sound
military principles , and the production of data will be based upon
sound scientific principles. A CDCEC experiment may be considered
as a scientific examination of military matters by an integrated
military and civilian staff of specialists.

d. Appropriate Experimentation Objectives.

(1) Objectives must be amenable to evaluation by
analysis of data produced by quantitative measurements taken in the
field . They must be related to specific problems. They may be
related to any aspect of a military organization to include:
tactical and logistical concepts , doctrine , and employment , organi-
zational structure , integration of new weapons or other equipment.
performance of weapon systems and administrative and logistical
support. Objectives may be oriented toward the generation and
collection of operational data required as input to studies , war
games and programmed field experiments. Objectives may also be
responsive to the requirement for the development of methodology
instrumentation and simulation techniques to be used by USACDCEC.

(2) Objectives may be to determine the tactical
suitability and the impact of new items of equipment and weapons on
the organizational structure , operations and logistical requirements
of a unit. However, determination of individual characteristics ,
capability, and durability of equipment and weapons is not a proper
objective for the conduct of a service test.

(3) Field experimentation is inherently time-consuming
and expensive in terms of troops , materiel , and funds. Care will be
taken to con~iider only those actions warranting commitment of the
limited resources available in view of considerations of time ,
importance, and availab~ 1ity of troop units for conduct of field
experiments.
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e. Design and Execution of Field Experiments.

(I) Field experiments will be designed and executed to
produce the data necessary for objective response to assigned problems.

(2) Battlefield situations will be devised and detailed
“scenarios” prepared to place appropriate stress on the operational ,
organizational and/or logistical aspects being examined.

(3) The design will provide for minimizing the effects
of individual differences in the capabilities of personnel assigned
to experimental units and extraneous variables.

(4) Field experiments will include live firing and
operational tests if it is necessary to measure the fire capabilities
of a weapons system or other equipment.

(5) Experiments will be conducted in a realistic opera-
tional environment within the recognized limitations of simulating
battlefield conditions.

• -1-
(6) Typical tasks that can be examined by a field experi-

ment are listed below:

(a) Logistical tasks such as the receipt, storage
and issue of equipment and materiel in various types of terrain and
weather and during both daylight and darkness.

(b) Combat tasks such as offensive , defensive , and
retrograde operations , in various types of terrain and weather and
during both daylight and darkness.

(7) The number of replications of an experimentation
situation will be sufficient to reduce to a reasonable degree the
effect of change or accidental occurrences on the data produced .

f. Methods of Evaluation, Field Experiments . The primary
method of evaluation will be by analysis of quantitative requirements
made during the execution phase of the experiment. This primary
method will be supplemented by judgmental evaluation of those quali-
tative aspects of performance which cannot be measured in absolute
terms. Because of the difficulty , if not impossibility of expressing
some military actions in absolute terms, experiments will usually be
designed to produce data as a basis of evaluation by one or a combina-
tion of the following methods.

(1) Comparative Analysis. The specific aspect of the
experimental unit or activity is varied. The level of performance
of each variation is measured while holding all other aspects and
the environmental conditions as constant as possible.

- 
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(2) Determination of Performance. The problem is not
to determine the effect of changes , but to measure and evaluate the
level of performance of a givea organizational or functional element.
The aspect to be tested is held constant. Its effectiveness may be
measured in a constant or varied operational environment.

(3) Determination of Changes Required to Achieve a
Specified Level of Performance. The given level of performance is
specified. The problem is to vary the organizational structure ,
number and types of weapons , tactics , and logistical support until
the given level of performance is achieved . The operational and
environmental conditions are held as constant as possible.

(4) Evaluation to Determine the Cause of Known
Weaknesses. This type evaluation may be used to determine or isolate
the cause of an organizational or doctrinal weakness be lieved to exist
in a general area. The evaluation seeks to identify specific causes
by determining the ~ffects of varying one organizational element on
method of employment at a time , while hold ing other variables as
constant as possible.

(5) Evaluation by Judgment Based Upon Observed
Performance. The application of sound judgment cannot be divorced
from field experiments . However, the use of judgment as the primary
means of evaluation is not the objective of field experimentation .
Highly skilled personnel can supp l ement the evaluations by observing
a unit ’s performance during a fiel1J experiment.

g. CSG Staffing of Field Experiments. The responsible
staff section for field experimentation by CSG and assigned agencies

• is the Field Experiment - Troop Test Branch of the Organization and
Evaluation Division. All CSC or agency proposed experiments should
be submitted to the Field Experiment - Troop Test Branch .

3. Troop Tests/Field Evaluations. Troop Tests/Field Evaluations
are conducted in the field for the purpose of evaluating operational
or organizational concepts , doctrine , tactics , and techniques, or
gaining further information on materiel. Troop Tests/Field
Evaluations occupy a position in the Army research and development
cycle subsequent to laboratory and field experiments, materiel tests,
analyses, and war games. A troop test simulates combat as closely
as possible. Within CDC, troop tests will use TOE units or units
organized under Proposed TOE. Materiel is considered in the conduct
of troop tests only insofar as materiel affects the doctrine and/or
organization being evaluated. Procedural guidance for the planning
and conduct of troop tests is established in USACDC Regulation 71-8,
iS June 1966. The Troop Test Methodology Guide prepared by CORC

-
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provides valuable assistance in the form of lesions learned from
past troop tests and discusses troop test methodology in detail.

- , a. Definitions.

(1) Troop Test. “A test conducted in the field to
determine the overall workability and effectiveness of present or
proposed organizational concepts , doctrine , techniques , and tactics ,
or to gain further information on materiel.” Implicit in this
definition is that materiel items will normally be type classified
and will have previously undergone engineering and service testing .
A confirmatory equipment test , however, may be conducted concurrently
with a troop test , provided confirmatory test considerations do not
degrade the overall conduct of the troop test. (The portion in
quotes is the definition from AR 73-1. Additional remarks are added
for clarity.)

(2) Field Evaluation. “An evaluation conducted under
normal operating conditions over an extended period of time for the
purpose of examining new and/or revised doctrin, and organizations ,
or examining materiel systems which could affect doctrine and/or
organization.” Troop tests and field evaluations are similar in
design , scope , and conduct. A Field Evaluation is n~rma1ly of greater
duration than a Troop Test. Field Evaluations are no?’q~al ly  less
rigidly controlled than Troop Tests , and are generally compatible
with a major FTX , whereas a Troop Test is not normally compatible
with a FTX. For planning purposes , they are considered the same.
(The portion in quotes is the def ini t ion from AR 73-1. Additional
remarks are added for clarity.)

(3) Outline Plan of Troop Test/Field Evaluation.
A written proposal, which presents the justification for a Troop
Test or Field Evaluation. It is normally prepared by a CSG
subordinate agency. The Outline Plan recommends what is to be
tested and 

~~~~ 
where, and how the test is to be conducted. It

recommends the responsibilities for planning , conducting and
evaluation and shows resources required in terms of time , personnel ,
troop units , special equipment and funds.

(4) Abbreviated Plan of Troop Test/Field Evaluation.
Contains essentially the same information as the Outline Plan , but
in abbreviated form. The abbreviated plan is normally used in
proposing troop test/field evaluations 3-5 years in the future for
inclusion in the CDC Five Year Troop Test/Field Evaluation Schedule.
It is used in those cases where the proposed doctrine or organization
to be tested/evaluated has not been developed sufficiently to where
an outline plan can be prepared .
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(5) Plan of Troop Test/Field Evaluation. “The final
plan prepared by the subordinate USACDC group and/or agency that
contains the test/field evaluation objectives, subobjectives ,
essential elements of analysis (EEA), test questions, scope , test
forces, area requirements , tactical context , classification guidance ,
safety considerations, evaluation methodology, outline scenario,
doctrinal guidance, refined budget estimate and references.” The
plan should be prepared in as much detail as possible, so that the
Test Directorate conducting the test/evaluation needs only make
minor adjustments to the plan to fit it to the local situation.
(The portion in quotes is from the USACDC Regulation 71-8.) A plan pre-
pared by the Test/Evaluation Director to fit the Plan of Troop Test/
Field Evaluation to the local situation. It is essential that the
proponent CDC group/agency coordinate closely with the Test Director
to ensure that the Director ’s plan does not significantly change the
objectives and methodology of the Plan of Test/Evaluation.

b. A Troop Test/Field Evaluation may be proposed by any
Army Command or CDC Agency, or may be directed by DA or HQ, CDC.
As a guide the agency should propose a troop test/field evaluation
only when:

(1) It is clear that available military experience and
current information are not sufficient to provide sound conclusions
on the effectiveness of doctrine , organization, tactics, techniques
or procedures, or the impact of newly developed major items of equip-
ment on these concepts or doctrine. -

(2) All other means of generating requisite information
are considered to be inadequate or more costly.

(3) Advantages to be derived are sufficiently great to
warrant the man hours, funds, and other resources to be expended.

(4) The GO, NO-GO Dichotomy Chart at Annex A will be
of assistance in determining whether or not a troop test/field
evaluation is required .

c. Responsibilities. When the evaluation phase of a study
has been reached and the determination has been made as to whether
troop tests are required , Agency and Group responsibilities will be
as follows:

(1) Agencies.

(a) Accomplish necessary preliminary coordination
with elements of USANC and major Army Commands, to include coordina-
tion conferences , during the development of the Troop Test/Field

VItI-6
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Evaluation Outline Plan. This coordination is not designed to
bypass command channels but is required to insure, to a reasonable
degree, that a planned evaluation, on which many man hours will be
expended, has a high probability of being conducted as scheduled.
HQ, CSG will provide information on all such coordination. Per-
mission to coordinate with applicable Non-Army Agencies will be
requested through channels to HQ, CDC.

(b) Provide the USACDC Project Officer. He is
responsible to the proponent agency commander. As the troop test
or field evaluation progresses through the planning, conduct,
reporting and evaluation phases, he will act as the CSG and CDC

• representative, unless otherwise directed. Duties and responsibi-
lities of the Project Officer are spelled out in detail in Appendix
VII to USACDC Reg 71-8.

(c) Prepare and forward the Outline Plan of Test/
• Evaluation (or abbreviated plan) with recommendation for inclusion

in the USACDC Five Year Troop Test/Field Evaluation Schedule. The
Outline Plan should be submitted at least 14 months prior to the
target date for the conduct of the proposed test/evaluation.

(d) Prepare and forward the Plan of Test/
Evaluation at least six months prior to conduct of the test/evalua-
tion, or as directed by CSG.

(e) Assist and coordinate with the Troop Test/
• Field Evaluation Director to insure that the test/evaluation is

conducted according to the objectives and parameters established in
the Plan of Test/Evaluation.

• (f) Evaluate and recommend the USACDC Command
Position on the Troop Test/Field Evaluation Director’s Final Report
of Test/Evaluation. This should be accomplished NLT five months
after the troop test/field evaluation is completed or as directed
by CSG. - -

(2) Headquarters, Combat Support Group.

(a) Reviews and, if approved, forwards proposed 
•

Troop Tests and Field Evaluations, with the Outline Plan of
Evaluation, to HQ, GDC.

• (b) Concurrent with the submission of proposed
Troop Tests and Field Evaluations for the target FY, reviews and ,

• if approved, forwards proposed Troop Tests and Field Evaluations
for the four year period subsequent to the target FT to HQ, CDC.
These submissions will normally be in abbreviated plan form.
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(c) Designate. the proponent agency that will
develop the Plan of Test/Evaluatioa and fnrnish the Project
Officer(s).

(d) Provides Group Project Officer(s) to direct
the proponent agency in the development of the Plan of Troop Test/
Evaluation and to assist the major Army command conducting the
evaluation.

(e) Reviews, approves and forwards the Plan of
Troop Test/Field Evaluation to HQ, CDC , six months prior to the
scheduled date of the evaluation.

(f) Reviews, approves, and forwards the Troop
Test/Field Evaluation Final Report and proposed command position on
the evaluation resalts to HQ, CDC within Five months after completion
of the Troop Te.t/Field Evaluation.

d. The Outline Plan of Troop Test/Field Evaluation. The
Outline Plan (generally forimilated by the Agency) should provide the
same general information to be later contained in the Plan of Troop
Test or Field Evaluation, except in a more condensed form. It will
contain, as a miniaua , the following elements.

(I) Troop Test/Field Evaluation Title (titles will
not suggest a materiel oriented test or evaluation).

(2) Authority (elements of USACDC Concept Program
supported or BA Directive; do not list CDOG as authority).

(3) Tentative objectives.

(4) Tentative subobjectives (identified by objective
supported).

(5) Tentative Essential Elements of Analysis
(identified by subobjective supported).

(6) Scope and tactical context (general).

(7) Estimated Forces (type and size organizations)
and Area required (general location , including size of area and
type of terrain required).

(8) Estimated Time (FT and Quarters and Duration).

(9) Pre-troop Test Training Required (type, duration,
and place of training).
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(10) Special equipment requirements.

(11) Estimated evaluation effort.

(12) Tentative Troop Test/Field Evaluation Budget
Estimate (based on cost factors of recommended conunand to conduct
troop test/field evaluation).

(13) Recommended Troop Test/Field Evaluation Milestone
Schedule (including necessary coordination conferences and in-process
reviews).

(14) USACDC Proponent Agency and Name of USACDC Project
Officer.

(15) Correlation paragraph.

e. Plan of Troop Test/Field Evaluation. In order to
insure that Troop Tests accomplish their intended purpose , the plan
provided the major Army Command conducting the tests must be as
complete as possible and provide in detail the hypothesis to be
examined and methodology that should be used.

(1) Format. At Annex B is an Outline Model for the
Plan of Test/Evaluation which is intended for use as a format guide
and check list to ensure preparation of a complete and logically
organized plan of test/evaluation.

(2) The Plan of Test/Evaluation is structured around
three main sub-plans: The Control Plan , Data Collection Plan, and
Analysis Plan. For a detailed discussion of these plans refer to

• the Troop Test Methodology Guide prepared by CORG

(a) Control Plan. If a troop test is thought of
as a cause-effect relationship , the control plan is the pre-set
schedule of causes. Since maneuver establishes the situations in
troop testing, the core of the control plan is the scenario. The
Control Section directs the field play with the intent of making it
adhere precisely to the scenario (which states the actions required
to generate data necessary to evaluate the proposed concept). Of

• importance also are the control procedures to be used during the
conduct of the test evaluation. Other elements are the control
organization, duties of controllers and their training, and adminis-
tration and support.

(b) Data Collection Plan. The Data Collection
Plan provides for complete and accurate recording and reporting of
all necessary data. The data collection plan has several necessary
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elements: data forms or questionnaires to record observations ,
collection schedule, and support requirements. The plan also pro-
poses the data collector organization, describes collector duties
and collection procedures, and outlines training requirements for
the data collectors.

(c) Analysis Plan. The Analysis Plan (called
Evaluation Plan in the Methodology Guide) details the data-handling
process and analysis logic, from the raw data to complete analysis
of each test objective. The principle of pre-set procedure is most
important here because personal bias can most easily distort test
results during analysis of data collected. The pre-set procedure
includes steps for: checking field data for completeness, identifying
voids, correction for incomplete or invalid data, judging validity of

• the data, computing test findings, drawing conclusions, and making
appropriate recommendations in the final report. The analysis plan
should also provide for the proposed analysis organization, duties of
analysts, and training requirements.

- 

f. Development of Essential Elements of Analysis (EEA).
Because of the extreme importance of the EEA in the successful con-
duct and derivation of accurate results, their formulation is perhaps
the most singularly important act of the originating agency. EBA
are those questions specifically designed to obtain data that will
provide an answer in a particular problem area or information re-
quired to conduct an evaluation in a particular functional area.
EEA are based on a derivation process beginning with the doctrine
and/or organization to be developed. Sequential procedures in
developing EEA are as follows:

(1) Input. Identify the doctrine md/or organization
to be examined and evaluated. I~ -

(2) Objectives. Major elements of the hypothesis to
be tested , each of which are equally essential to the acceptance of
the overall doctrine and/or organization being examined. Objectives
may be directed to this or higher headquarters and/or derived from
the doctrine and/or organization to be examined.

(3) Subobjectives. Major elements of each objective
that may or may not be equally essential but contribute to achieve-
ment of results that would indicate accomplishment of the objective.
As indicated in Appendix IX, USACDC Reg 71-8, weighting of subobjec-
tives by a consensus of military judgment is appropriate.

(4) Design of EEA. In designing BEA, the most
logical approach is to currently examine the doctrine and/or
organization against which the Troop Test/Field Evaluation

- • VflI-l0
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hypothesis (doctrine and/or organization) will be measured and the
functional areas involved in the proposed doctrine and/or organization
to be evaluated. In addressing the functional areas involved, use
will be made of the Army Function --Phase-Mission-Matrix (page 11-5
of Part 1, Methodology Notebook). The analysis will include sub-
functions and tasks and sub-subfunctions and subtasks as spelled cut
on pages 34 and 35, Annex A to Appendix 5 of USACDC Reg 71-8. After
reviewing the tasks, subtasks, functions, and subfunctions, those
that are crucial to the examination of the proposed doctrine and

~ ganization will be selected and screened for prospective difference
in performance. The tasks and subtasks for which EEA must be designed
will then be defined and measurement techniques named. The final step 

• 

-

is the establishment of relative weights for the EEA .

(5) A further breakdown of EEA may be required. The
number of levels of breakdown depends on the size and complexity of
the test. It takes one or more questions to answer an EEA, and
ultimately, each breakdown must arrive at the level of a Data Form
Question. In this respect , the more specific the requirement
stated at the EEA level, the less complex is the breakdown. The
final level of question breakdown, the Data Form Question is reached
when each question:

(a) Is relevant and essential to the next higher
level of analysis.

(b) Is objectively answerable, preferably by a
number, a single work, or a checkmark.

(c) Is answerable by one collector in one location.

(d) Requires no judgment.

(e) Does not require the collector to recall a
previous action.

(f) Is answerable in a clear and simple manner.

(g) Does not require specialized knowledge on
the part of the collector.
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The breakdown of EEA as described above is illustrated as follows:

Objectives 1 1 [ ~1 r ~i. 1 ~ I

_ _  I
I 

-‘

Subobjectives L 2 .11  [2.2] 12 . 3 1 V

I -
~~~~~

_ _ _  I _ _ _ _ _ _ _ _

Essential Elements L 2 . 3. lJ  [2 . 3.2 1  [2.3.3 J [2.3.4 1
of Analysis I

F _ _ _ _ _  1
Analysis Questions [2.3.2.ij 1 2.3.2.2~ J2.3 .2.3 I

I
I I I

Data Form Questions [2.3.2.3.1 11 2 . 3 . 2 . 3 . 2 j  12.3. 2.3.3 J
g. Pilot Test. It is usually necessary to conduct a -

•

pilot test prior to the actual test/evaluation to check out all
aspects of the Control Plan and Data Collection Plan , and to afford
additional training to Controllers and Data Collectors. The pilot
test can be expected to uncover some problem areas for which minor
changes in test questions and control and data collection procedures
can be made. For a more detailed discussion of the pilot test refer
to the Troop Test Methodology Guide.

h. Conduct of the Troop Test/Field Evaluation . The major
coninarid conducting the test/evaluation is respons ible for :  providing P

troops and the test/evaluation directorate , conduct of the test/
evaluation, and preparation of the final report. It is essential
that the CDC Project Off icer  maintain close and continuous
coordination with the Test Director to insure that the actual
conduct of the test/evaluation does nc’t vary significantly from
the Plan of Test/Evaluation . If changes in the test/evaluation
are required , the Project Officer should assist the Test Director
to minimize the effect of the change on the overall objectives and
validity of the test/evaluation.

i. USACDC Command Positions on Final Reports of Troop
Tests and Field Evaluations . The of f ic ia l  USACDC Command Position
is based on the USACDC Evaluation , a detailed review and analys is
of reported results of the troop test or field evaluation , comments
of other interested major Army Commands. To formulate the position ,
the following steps are necessary:
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(1) The Test/Evaluation Director prepares a
comprehensive Troop Test/Evaluation Final Report to include a
statement of troop test/field evaluation validity, methodology used ,
and conclusions and recou~~ndations. This report is forwarded
through command channels to HQ, USACDC. Concurrently, the Director
forwards ten advance copies to the proponent agency so that prelim-
m ary evaluation of the test results can begin ; 100 copies are
also forwarded direct to HQ, CDC f or dist r ibu tion to and comment
on by other groups agencies and by appropriate major Army commands.

(2) Major Army commands evaluate the results and
forward co~~~nts , reconinendatious, concurrences , and nonconcurrences t
to HQ, CDC with information copies to the proponent group and agency.

(3) Proponent Agency Respons ibilities. Using the
information received from the Director , the proponent agency conducts
a detailed review and analysis of the f inal  report and prepares a
proposed USACDC position . This proposed position is coordinated
with all interested CDC groups and agencies and with appropriate
USCONA.RC Service Schools prior to submission through channels to IHQ, CDC. In addition, the primary-interest agency prepares a staff
coordination briefing and a f ina l  information briefing on the pro-
posed position to be presented at HQ, CDC, on call.

(4) Proponent Group Responsibilities. CSG will resolve
any conf l ic t ing  position to HQ, CDC . Any revision (rewrite) of any
or all of the evaluation and/or position will be accomplished as
deemed necessary by HQ, CSG , prior to submission to IIQ , CDC. Addi-
tionally , HQ, CDC (if it has proponency) will attempt to resolve
confl ict ing positions of those agencies not under its Command but
from which comments were solicited .

REFERENCES:

a. Letter , CDCRE-E , subj: Troop Test Methodology Guide ,
• 26 Feb 68.

b. AR 71-3 , User Field Tests , Experiments and Evaluations ,
19 Mar 68.

c. USACDC Reg 71-7, Field Experimentation , 21 Jun 66.

d. ~JSACDC Reg 71-8 , Procedural Guidance for the Conduct of
Troop Tests and Field Evaluations , 15 Jun 66.
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ANNEX B

OUTLINE W)DEL FOR PLAN OF TROOP TEST/FIEU) EVALUATION

The following model is recommended as a guide and check list
to insure a complete and well organized plan of test/evaluation.
Recognizing that each test/evaluation is unique in itself, strict
adherence to the format is not required ; annexes should be used
where appropriate.

1. Title.

2. Purpose and Overall Objective of Test.

3. Concept of Test (Scope, tact ical context , overall
methodology).

4. Doctrinal Guidance.

*5~ Evaluation Logic (Objectives, subobjectives, EEA , and
questions in flow chart form).

6. Troop List.

7. Special Requirements.

8. Area Requirements.

9. Proposed Organization of Test Directorate. (Organization ,
personnel requirements, and equipment support requirements.)

10. Control Plan.

a. Controllers’ mission statement.

• b. Proposed organizat ion .

c. Duties of Controllers .

d. Control procedures.

e. Training requirements.

(1) Troops.

(2) Controllers and Data Collectors.
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(3) Pilot Test.

f. Scenario.

g. Administrative (security, safety, conino., etc.)

11. Data Collection Plan.

a. Data Collectors ’ mission statement .

b. Proposed Collection organization.

c. Duties of Collectors.

d. Collector training (integrate with controllers).

‘ . Data collection/reporting procedures and schedules.

f. Questionnaires and data collection forms.

- 
- 

12. Analysis Plan.

a. Evaluator ’s mission statement .

b. Evaluation organization .

c. Duties.

d. Data Reduction: worksheets , computations , forinats,etc.

e. Performance cr i teria .

f. Validity.

g. Weighting.

13. Budget Estimate.

14. References.

*NOTE: The Logic Diagram , as shown on pages xii and 43 of the
Methodology Guide , visually illustrates the relationship of
objectives , subobjectives , EEA , que stions , and data elements.
This technique would be helpfu l to Test Controllers, Data Collectors,
and Evaluators in visualizing their tasks .
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CHAPTER

COST EFFECFIVENESS

1. General. Cost-effectiveness analysis, operations research,
and systems analysis differ in that the problem involved in each
is different. If the problem is to determine significant differences
in the costs of resource requirements among alternatives for carrying
out some specified task, the analysis is generally referred to as
a cost-effectiveness analysis. A cost-effectiveness analysis - 

-

typically stresses the determination of an adequate but least cost
scheme, sometimes accepting as inputs the objective of the system - - -

or strategy and the list of alternatives. Emphasis of the operations
research analysis is usually on the use of the techniques of mathe-
matics , or logical analysis, to help a client improve his efficiency
in a situation in which everyone has a fairly good idea of what
“more efficient” means. The systems analyst, on the other hand ,
is likely to be forced to deal with problems in which the diff i-
culty lies in deciding what should be done, not simply in how to
do it. The system analysis, thus, puts greater attention on the
suitability of the task and the augmentation of alternatives.
Part I (Chapter VIII), USACDC Methodology Notebook for Action
Officers, provides a brief discussion of the meaning of and the
Army need for cost/effectiveness analysis. It is not possible, 

—

within the scope of Part II of the Methodology Notebook to describe
the many techniques of such an analysis or to define systematic
steps in its accomplishment. It is practical, however, to provide
a brief description of the manner in which cost/effectiveness
analysis is employed within CSG and its assigned agencies. It is
important that each action officer possess sufficient background
in the rudimentary fundament&ls of eost effectiveness analysis
techniques to enable him to scrutinize contractual studies and/or
proposals and to formulate valid judgment on contractual metho-
dology and scientific procedures. To perform such judgment, it
is necessary, as a minim~mi, that an action officer be familiar
with the terms and concepts of this chapter.

2. Cost Effectiveness Compares with “Estimate of the
Situation”. Cost effectiveness analysis is based on the economic
concept that all military decisions involve the allocation (best
use) of limited xesources among competing requirements . This same
concept is embodied in Army decision processes. It is used by a
combat commander when he makes an estimate of the situation. The
company commander goes through the same process in deciding how to

- spend his company funds. Although cost effectiveness analysis and
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the estimate of the situation are similar in many ways , they differ
in several aspects. The estimate of the situation usually involves
an effort to solve today ’s problems today . More often than not ,
the cost effectiveness study concerns itself with the problems of
the future . Another severe constraint on the estimate of the
situation is the time factor. Information is usually incomplete
and the time available before a decision is required often does not
permit filling in gaps. Time usually does not permit testing the

• range of the dependence of the proposed course of action on the
staff estinates and planning assumptions . On the other hand ,
military cost effectiveness analysis is not a decision process but
an aid in f ac i l i t a t i ng  decisions that must be made now in regard
to development , force composition , and logistical and manpower
policy problems in order to be prepared for wars in the future.
The analytical techniques employed in cost effectiveness analysis ‘a
supplement those of the estimate of the situation because , as we
look into the future , the presence of certainties lead to a large
number of variables. Some of these variables are subject to our
control , some to the enemy ’s and others to no one’s control. But
all are variables , and all  arc interdependent.  It is in this
environment of uncertainties and f l e x i b i l i t y  in use and interchange-
ability of resources (people, dollars, and hardware) that cost
effectiveness analysis is a useful  aid. The basis of cost effect-
iveness analysis is that there are alternate ways of reaching an
objective and each ~i1ternative requires certain resources and
produces certain results. The cost effectiveness analysis examines
systematical ly and relates costs , effectiveness , and risks of
alternative ways of accomplishing an objective and designing
additional alternatives (proposed courses of action) if those
examined are found wanting . A cost effectiveness analysis seeks
to quantify what can be logically calculated so that the decis ion
maker knows the extent to which intuitive judgment must be used in
making a decision .

3. Essential  Elements. The essential  elements of a cost
effectiveness analysis arc :

a. Objec t ive(s)  ( func t ions  to be accomplished).

~~~~ b. Alternatives (feasible ways of achieving the desired
military capability or accomplishing the function).

c. Cost of resources required by each alternative .

d. A set of mathematical or logical relationships among
the objectives , alternatives, environment and resources (models).

e. A criterion for choosing the preferred alternative .

— 
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4. The Objective. To design alternatives properly, the
problem must be analyzed to determine the real functional need
underlying the requirements for certain organizations and hardware
systems. Close examination of objectives stated only in terms of
specific organizations or systems often discloses that the net
result is not a significantly new capability but a relatively minor
product improvement. There are practical limits on the definition
of the objective. Every military activity is part of a larger
activity and it is necessary to draw the line at some point. h ow-
ever , the objective should not be unduly restricted by confusion
with performance characteristics such as speeds , weights, muzzle
velocities , hit-kill probabilities , and so forth.

5. Cost. The cost of each alternative is determined based
on incremental costs . These are the 

~~~ 
costs of adopting the

alternative. Such costs are determined after (due) allowances for
those resources already paid for regardless of whether the alter-
native is adopted , and would be available for the alternative if

— it were adopted . In determining the cost of an alternative , all
the resource implications are considered . For example , the cost
of adopting a new radio would include not only the cost of the
radio and its development , but also the costs of training people
to operate it , the total cost of maintaining the radios, and the
costs of the additional radios required for maintenance float ,
replacement , combat consumption and so forth. Costs need not be
stated in precise terms--down to the last dollar ; however, they
must be accurate enough to allow meaningful relative discrimination
between alternatives . Usually cost estimates are tested by sensi-
tivity analysis. These are repetitive analyses using different
quantitative values to determine if the results are sensitive to
the values assigned . Such analyses give the analyst a better
understanding of how much uncertainty is involved if there are
significant errors in the cost estimates. He can then better
judge if the investment is worth the payoff considering the
uncertainties involved.

6. Models. Models are used in cost effectiveness analysis to Fcope wi th  the host of variables that are inherent in problems of
the future. A model is simply certain relationships expressed in
some way to simulate real or expected conditions in order to
foresee the expected outcome of a course of action . The model

- 
- assists in simplifying the problem , in identifying the significant

components and interrelationships , in determining which variables
are especially importan t for the decision at issue , and which
variables can be suppressed . Models range from simple graphs to
complex equations and can also take the form of a wargame or field
maneuver. All models are abstractions of the real world and their
validity depends on the proper selection of assumptions , the
correctness of the relations portrayed , and the per tinence of the - t  
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factors included in the model. Some models are difficult to
cons truct because some variables cannot be definitively quantified.
The influence of a variable that cannot be quantified must be
specifically addressed in the model unless it can be demonstrated
by logic or analysis that the variable is trivial , affects all
alternatives roughly the same, or the results are insensitive to
the variable. Models that portray relations incorrectly also
lead to false results. Some models depend on extrapolation which
assumes that trends will continue uninterrupted. Such models lend
themselves readily to mathematical treatment but are often
erroneous because of failure to consider what is called the Law of
Diminishing Returns.

Models can be classified into two general types: deterministic
and probabilistic. It is possible to create an almost exact
(deterministic) model of an item of hardware and subject it to test.
The final product of the model will then closely approximate the
results from the actual hardware. On the other hand , most military
problems are, by nature, made up of uncertainties. Therefore ,
they are considered as probabilistic when the uncertainty is
identified as a probability factor.

The construction of models to evaluate effectiveness is often
difficult. The difficulty arises in selecting the criteria of
effectiveness , the more abstract the system or organizations
become , the more d i f f icu l t the criterion of effectiveness measure
becomes. The more unlike the alternate systems are, the greater
the difficulty in reducing them to a common denominator criterion
of effectiveness measurement. Sometimes, each system requires a
criterion of effectiveness that is all its own.

There is a tendency for cost effectiveness models to become
mathematical and abstract , thereby making them difficult to
understand. A good cost effectiveness analysis strikes a balance
in the use of models between simplicity and retention of enough
detail to insure that the expected outcome of an expected action
will be adequately portrayed . In any case, all models have
certain common elements. These are broadly stated as a definition

• of the problem, principal factors or constraints , verification
and the decision process -- or application of criteria. The
validity of conceptual or mathematical models cannot be verified
in a cost effectiveness analysis by controlled experiments. At
the best, these models can be tested by evaluation of their
workability.

7. Role of Judgment. Judgment is used throughout a cost • -

effectiveness analysis in the same manner as is an estimate of the
• situation or a staff estimate . Judgment is used in analyzing the

objective , deciding which alternatives to consider , which factors
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are relevant and the inter-relations among these factors , wh ich
numerical values are to be used , and how results are to be inter-
preted. (In the earlier portions of this pamphlet , the statement
was made that in all operations research , the process of evalua-
tion was on-going ánd continuous ; that some form of evaluation has
to occur during every phase of a study. A cost effectiveness
analysis is no exception.) The goal of a cost effectiveness —

analysis is to keep all judgments in plain view and to make clear
the logic used. It also shows the sensitivity of the results to
the significant judgments made. The depth of a cost effectiveness —

analysis is tempered by the time and manpower available and the
importance of the subject mat ter .  A cos t effectiveness analysis
requires resources. It must serve as an aid to the making of
decisions and not be a mere intellectual exercise.

8. Criteria. The most widely used criteria in Army studies
for selecting the preferred alternative are usually based on
either equal cost or equal effectiveness of the alternatives .
Another method known as incremental effectiveness at incremental
cost is used in special cases. In the equal cost form, it is

• assumed that there is an arbitrary fixed budget or series of fixed
budgets , and the analysis determines which alternative gives the
greatest effectiveness for the same expenditures of resources.
In the equal effectiveness form, a specified and measurable

• military effectiveness (capability) is stated and the analysis is
to determine which alternative achieves this effectiveness at
least cost. The incremental effectiveness at incremental cost
method relates the increase in effectiveness achieved to the
associated increase in resources involved . This method is normally
used only as a last resort when neither costs nor effectiveness
of alternatives can be made equal, e.g., when a capability based P
on a new technology Is to be added to the force and this new
capability cannot be approximated by any practical combination of
existing materiel and men.

9. Review of Studies. There are numerous ways of reviewing
a study. They vary with time available and resources. It is
suggested , however, that the points listed below be checked - -

specifically in the early stages of a review:

a. Statement of criteria used to judge effectiveness.

b. Statement of criterion used to select preferred
• alternative.

c. Use of incremental costs .

d. Explanation of logic of models.
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e. Presence or lack of analysis of sensitivity of the
results to significant data and assumptions. Without these
elements being present , the study will probably be of poor quality .

f. Army-conducted studies containing cost effectiveness
analysis usually do not have a uniform organizational pattern but
many generally follow the Staff Study Format. On that basis, the H
key questions to be considered are listed below. These questions,
which will assist the proponent agency in formulating the study
and will be of vital benefit to the person analyzing it , are as
follows:

(1) Is the problem stated the real problem? An
improper statement of the problem often results in either studying
the wrong problem or precluding consideration of worthy alterna-
tives. These defects are usually avoided by a statement of the
problem in terms of a functional need--the job to be done. Often ,
there will be a practical limit on the depth of the functional
need . To make it too deep and too all inclusive will restrict the
workability of the research tools and make the study unmanageable.

(2) Does the study identify implied significant
components of the problem that must be fully treated in the study?
Some of these implied functions are often not apparent at first.
The reviewer should watch for implied significant component parts
of the problem that are neither identified nor treated fully in
the study. He should also watch for other problems that are
opened up or revealed by the study that should be further investi-
gated.

(3) Are all assumptions identified? The reviewer
should watch for assumptions that are not identified as such
because assumptions imply a limi tation or a judgment. They also -

•

affect the study results .

(4) Are the assumptions unduly restrictive ? Assump-
tions are properly used to narrow the scope of a study to manage-
able proportions . However , they should be examined to determine
whether they unduly restrict the study by eliminating possible
significant alternatives or by narrowing the scope of consideration
to the point that the conclusions and recommendations may be in
order.

(5) Do any of the major assumptions unjustifiably
treat quantitative uncertainties as fact?

(6) Do any of the major assumptions treat qualitative
(as opposed to quantitative) uncertainties as fact?
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(7) Are the major assumptions reasonable? The s tudy
should document or provide some explanation as to why an assumption
was made.

(8) Are current capabilities adequately considered
among the alternatives? Current capabilities should not be omitted
from cons ideration in construc t ion of alternatives except for valid
reasons tha t are clearly stated . By considering them (much of their
costs having been paid for), the study can show the difference
between effectiveness and costs that result from the adoption of
the proposed new sys tem or organization .

(9) Are “trade-offs” with existing systems or organi-
zations adequately considered within the alternatives? Where
appropriate , the design of alternatives should consider “trade-
offs .” Possible examples are : (a) in studying the use of pro-
posed transport aircraft an alternative might include reduction in
other means of transport; (b) in a study on an improved fire
control sys tem , an alternative might include a reduction in
ammunition stockage .

(10) Are the appropriate capabilities of the Air Force ,
Navy , and Marine Corps considered among the alternatives?

(11) Are mixtures of systems or organizations con-
sid-red among the alternatives?

(12) Are any feasible and significant alternatives
omitted?

(13) Is the study adequately documented ? A key
element of systematic analysis is sufficient documentation of
methods and sources so that with the same material , other study
groups can arrive at substantially the same results .

(14) Are the facts stated correctly? The reviewer
cannot check every empirical solution , but he can and should
spot-check.

(15) Are the facts stated with propet clarification?
Factual material should be checked not only for accuracy but also
for completeness. Some material may be factually correct in
isolation but may take on a different significance when other
facts are added .

(16) Are findings and data from field exercises and
field tests used?

(17) Are the data from supporting wargames valid?
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Basically, a wargame involves a hypothetical situation. The play
is determined by mechanistic rules or judgments made by individuals
or both. Their output is no better than the judgment and/or the
rules established for the games.

(18) Are the performance characteristics valid? Here,
the reviewer should examine the source of the data. Performance
characteristics based on a manufacturer’s claims are often too
optimistic.  Sometimes , research ins tallations derive their per-
formance characteristics under controlled cond itions. They can
sometimes produce misleading results.

(19) Are any of the data derived from questionnaires?
Here , the reviewer should examine for validity of questions ,
adequacy of the sample , and expertness of personnel questioned .

(20) Are guesses and intuitive judgment defined?

(21) Is the cost model identified?

(22) Are the cost estimates relevant?

(23) Are incremental costs considered? Sunk costs
should be excluded . (Research, development , and investment costs
of existing systems are sunk costs).

(24) Are directly related support costs included?
Cost estimates of systems or organizations should include the
proportionate costs of other units or elements required in direct
support. For example, the cost estimate of HAWK battalions should
include the costs of the associated HAWK direct and general support
detachments.

(25) Are Combat Consumption , Replacement/Consumption,
and Maintenance Float costs included ? Cost estimates for the
major equipment items should include not only the operational
equipment assigned to organizations , but also the Costs for those
additional items required for initial stockage as well, as replace-
ment items over the period in which the system is to be in use.
If the resource implications for procuring and maintaining author-
ized maintenance float, replacement/consumption and combat con-
sumption stockage are excluded , the total costs of the system
alternatives may be s ign i f ican t ly  misleading . For example, a
common error is to include only the cost of the basis load of
ammunition and to neglect the cos t of the additional ammunition
requirements for support of the weapon system or organization .

(26) Are all training costs included? The resource
implication of training military personnel can be significant.

IX-8
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Training costs usually include such items as: (a) procurement of
equipment utilized for training purposes ; (b) construction of any
necessary additional faci l i t ies ;  (c) operation and maintenance
costs of the facilities ; (d) the pay and allowances of the
trainees.

(27) Are construction Costs included?

(28) Are the Cost Data reasonably accurate? The
reviewer should spot-check and examine the sources of the data.
Data furnished by manufacturers should be viewed critically.

(29) Are cost aspects of all alternatives treated in
a comparable manner? Inconsistency in handling the cost aspects
of competing alternatives prevents art objective evaluation of
their comparative or relative costs and usually leads to erroneous
conclusions . 

J

(30) Are the cos t estimating re lations valid? Cost
estimating relations may be crude factors , simple extrapolation
of recent experience , or complex equations with many var iables.
In all cases , the purpose of a cos t estimating relation is to
translate a specification of a physical resource into a cost.

(31) Is an amortized cost used? If so, the rev iewer
should attempt to convert amortized costs into total program
costs and use such costs for comparative purposes.

(32) Were peacetime or wartime costs included? The
use of peacetime costs only may indicate that System A is preferred ;
if wartime costs were used , the same study may have concluded that
System B is preferable.

(33) Was a wartime ordnance cost per mission used?
The use of wartime ordnance cost per mission should be reviewed
cai’efully. Often , this approach includes only the ammunition costs
expended during a brief battle. It fails to mention the significant
costs associated with developing, buying, and operating the system
in peacetime.

(34) Was a dollar cost assigned to the loss of
human l i fe? If so , delete i t .  In the U S .  Army , human casualtie~
are treated in the overall value of cost considerations, but not
in dollars .

(35) Is the sensi t ivi ty of cost assumptions examined?
For example , would ten years of peacetime operations as opposed to
five make a significant difference in the relative costs of the

- alternatives.
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(36) Are the models adequately i d e n t i f i e d  and
exp lained .

(3 7) Are cos t and ef fec t iveness  l inked logical ly ?

(38) Does the model treat the problem in a system
c o nt ex t .~ Models should provide for  the proper r e l a t i o n s  among
subsys tems so that the f u l l  imp lications of a change in one part 

*
of the system will be reflected in the rest of the system?

(39) Does the model allow for enemy reaction? A
major aspect of the effectiveness of our system is the degree to
which it makes enemy adaptat ion e i ther  technological ly d i f f i cu l t
or economically unattractive . ‘I_ i

( 40) Are s t r a igh t extrapolat ions  used wi thout  proof”

(-~+l) Are d e t e r m i n i s t i c  and p r o b a b i l i s t i c  models
used prope rly ? A dete rm i n i s t i c  model uses re la t ions  of the type ,
“If A is 5, then B is always 8” . A p robab i l i s t i c  model uses
relations of the type , “If A is 5, then B w i l l  be 6 to 10 in 50%
of the cases , 4 or 5 in 25~ of the cases , and 11 or 12 in 25% of
the cases .”

(42) Are the models intuitive ly acceptable? Models
tend to become mathematical , and many are d i f f i c u l t  to understand
even in their broad aspects. Yet , overly s impl i f ied  models tend
to become s u p e r f i c i a l  by l i m i t a t i o n  in choice of de ta i l  and
omission of importan t variables .  The object ive of a good model
is t o be near enough to rea l i ty  so that the model outputs can be
used to predict some portions of the future with an acceptable
deg ree of conf idence.

(43) Are the measures of ef fect iveness  iden t i f i ed ?

• (44) Is the effectiveness measure appropriate to
the function or miss ion?

(45) Do the e f fec t iveness  measures ignore some
objectives and concentrate a t tent ion on a s ingle one?

(46) Are performance measures mistaken for effective-
- • ness measures? The speed at which a unit can attack the enemy is

• not in i t se l f  a measure of its ability to defeat the enemy .

(47) Is the effect iveness  calculated on the basis
of either a cooperative enemy or an omnipotent enemy?

• (48) Is the effectiveness measured by analysis of
vargaines ?
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[f so , the reviewer should look to sensitivity analysis for results.
As a rule,  wargames are quest ionable means for  measuring effective-
ness because of the difficulty of testing the sensitivity of the
results.

(49) [s the evaluation of effectiveness based on
straight extrapolation?

(50) Are the operations of other services ignored ?

(51) Is the impact on other Army operations ignored?

(52) Are some aspects of effectiveness incoimnen-
surable or unmeasurable?

(53) Does the effectiveness of a future system take
into account the time d imension ? The effectiveness of future
systems is often dependent upon when they can be available for
operational use and the total operational life span of the systems .

(54) Are expected and average values used incorrectly
to measure effectiveness? It is an error to employ an expected or
average value as part of a measure of effectiveness if the
ob iective really required a specified minimum.

(55) If quantitative measures of effectiveness are
unattainable , is a qualitative comparison feasible?

(56) Is the effectiveness sensitive to changes in
assumptions? If so, the reviewer should isolate the degree of
dependence and determine if it is acceptable.

(57) Are the criteria properly identified?

(58) Are the criteria consistent with higher
echelon objectives?

• (59) Are the criteria too general?

(60) Are the criteria overdetermined? For instance ,
a criterion that states , “to maximize the damage to the enemy
while at the same time minimizing the cost to the U.S.” is
grossly overdetermined .

(61) Are good criteria applied to the wrong problem?
At times a valid criterion for one element of the problem is
incorrectly applied to the total problem.

(62) Is the absolute size of gain or cost ignored ?
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(70) If priorities are listed , are they meaningfully
stated?

(71) Are the conclusions and recommendations
in tui t ively  sa t is fying? If the study fails to demonstrate by
data , models , and other means that the reviewers intuition was
right or wrong , then further examination is required to determine
if some subtle considerations have not been considered because of

• oversimplification or other reasons which the reviewer intuitively
knows are present.

10. Contractor Selection . During the last several years , the
Department of Defense has been increasingly concerned about the 

V

economic implications of awarding contracts on the basis of
acquisition price only. The Armed Services Procurement Act of
1947 allows a much broader approach by stating , “Award shall be
made ... to the responsible bidder whose bid ... will be most
advantageous to the Government , price and other factors con-
sidered .” In the CSC contractual research program , it is frequently
important that many diverse elements of various contractor capa-
bilities be analyzed before a contract is let .  As previous ly
stated , the low bid is not always the most importan t factor.

F Although all CSG research contracts are formally awarded at USACDC
and AMC level, contracting officers will generally lend a sym-
pathetic ear to a CSG or agency justified request for a recommended
contractor. When recommending a contractor for a s p e c i f i c  research
contract, the initiating agency should do so only after consider-
ing all elements of importance to the US . Government. These
considerations should include but not be limited to whether the
proposal contains unnecessarily expensive components or devices ,
costly manufacturing processes or methods that are not essential ,
the use of critical materials , restrictions which do not enhance
the military value of the end produc t , unnecessary time expendi-
ture for data accumulation , and/or lack of reliability of past
performance.
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CHA~~ER X —

HII4AN FACTORS AND SOCIAL SCIENCE RE SEARCH 1:
I- I

1. General. AR 70-8 sets forth the scope , objectives ,
application, and coordination of human factors and social science
research. It covers :

a. The basic and applied portion of the DA research and
development program concerned with discovery, development, and
application of human factors and social. science principles and
techniques for more effect ive use of military and civilian
personnel.

b. Increasing the efficiency with which Army personnel
perform their duties , operate and maintain their equipment , serve
their weapons , give and accept commands , adopt to environmental

- - - 
and psychological stresses , and acquit themselves in combat.

c. More effective conduct of special warfare and related
• cold war activities .

2. Objectives. The objectives of the program are:

a. Improved fulfillment of the personnel requirements
of DA through research in the fields of personnel measurement and
uti l ization.

b. Improved performance of military and civilian per-
sonnel through research and development in the field of training
methods , techniques, and devices.

c. Improved motivation and leadership through studies
in those fields.

d. Improved compatibility of men and the weapons and
equipment which they are required to operate and maintain, through
basic and applied studies and research in human factors engineering ,
man-weapons system analysis, and psycho-physiology.

e. Improved performance in counterinsurgency and un-
conventional types of warfare and psychological operations capa-
bilities through social and behavioral science stud ies of methods
for influencing indigenous troops and populations in foreign
areas and other social and behavioral science studies as may be
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needed for direct support of the special warfare and related cold
war activities.

f. Improved capability through basic research in behavior-
al and social sciencies .

3. Responsibility. The Chief of Research and Development
(CRD) has Army staff responsibility for planning , programming ,
coordinating , and supervising DA non-materiel research in human
factors including research and development policies , funds ,
projects , tasks , and priorities relating thereto which are
essential to discharge of the responsibility . The sponsor of a
research effort is responsible for providing (or assisting in
obtaining) advice and guidance when requested to do so by the
research agency and for providing (or assisting in obtaining)
background data and information applicable to the research effort.

4. Initiating Proposals. An Army staff agency , a command ,
an individual, a research agency , or a contract agency may

* init iate a proposal for human factors research. A proposal
originating in an agency not authorized to conduct the particular
research will be referred through normal channels to the CRD for
approval and allocation to the appropriate research and develop-
ment agency. Agencies may request assistance from CRD to
translate military requirements into research proposals.

5. Research Activities.

a. The US Army Personnel Research Office will undertake
studies in personnel measurement directed toward optimal employ-
ment of Army personnel in a variety of military settings .

b. The US Army Materiel Command (USAZIC) is respons ible
for human factors engineering in support of the design and

• development of future materiel components and systems , except in
the case of the Corps of Engineers .

c. The Chief of Engineers is responsible for human
factors engineering of materiel  w i th in  his assigned area of
development responsibility .

d. The Surgeon General is responsible for maintaining a
comprehensive basic research program in psychphysiology designed
to support the human factors program .

6. Program Coordination and Approva’.

a. Annually , the CRD will  request Department of the Army
cotmnands and agencies to submit their requirements , in order of
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priority , for research to be undertaken during the ensuing fiscal
year. The requirements thus submitted will be combined with the
specific requirements derived from long-range research plans to
form the basis for the work programs of the research activities.

b. Before 15 May each year , each responsible agency (see
paragraph 5) will submi t to the CRD a proposed work program for
that portion of its research supported by Army RDT&E funds. (This
excludes that human factors engineering which is supported directly
by funds from materiel development projects.)

c. Department of the Army commands and agencies having
an interest in such research will  review the appropriate work
programs to determine the responsiveness of the research program
to the requirements of their agency.

d. Action to revise CRD-approved work programs will be
accomplished in coordination with the sponsoring agency, OCRD ,
and other interested agencies. Proposed changes to an approved
work program will  be submitted to the CRD for approval. Task[ statements will be revised for each task affected by an approved

I 

modification to a work program.

7. Coordination. Each agency engaged in human factors
research will maintain coordination to keep informed of the 

- 
-~

activities of the other research agencies and to eliminate un-
desirable amplication of work. Information will  be exchanged by
routine distribution of progress reports, completed task reports,
direct correspondence , and visits of working level scientists
and technologists.

8. Specific Human Factors Research Requiremen ts within
USACDCCSG and Assigned Agencies. Actually , there are two ways
which may be used by GSG and its assigned agencies when there are
requirements for human factors research :

a. Required research may be requested in accordance with
provisions of paragraphs 4, 5 , 6 , and 7 above , or

b. Required research may be requested through the medium
of annua l programs solicited by the US Army Behavioral Science
Research Laboratory (USABESRL) , the Human Resources Research
Office (HtnnRRO) , and the Center for Research in Social Systems
(CRESS).

The USABESRL is a Class It ins tallation under command of the
Chief of Research and Development. Their mission is to accomplish
research in personnel measurement, classification , selection and
utilization directed toward optimal employment of Army personnel
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in a variety of military settings. The }h.unRRO is a contract
agency (and , therefore. subject to change , depending upon contractual
procedures) under direct supervision of the Chief of Research and
Development. They are responsible for conducting studies and
research in training , motivation , and leadership. CRESS , also a
contract agency (also subject to renewal or termination of contract)
under direct supervision of the Chief of Research and Development,
is responsible for the conduct of non-materiel research to support
the Army mission in fields such as counterinsurgency , unconventional
warfare , psychological operations , and mil i tary assistance programs .
Each year (generally, during the October , November , December
quarter), USABESRL will circulate their on-going and projected
work programs for review and submittal of related requirements
and/or essential input. Each such annual program will be
disseminated sufficiently in advance to permit HQ, CSG and subordinate
agencies to relate it , where appropriate , to needed CSG research.
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CHAPTER XI

MODELS

1. Models Defined.

a. General. Part I of the Methodology Notebook defines
a model as “qualitative or quantitative representation of system
or process or environment in a mathematical or physical form which
is suitable for examining the way the system or process behaves.. .
Models do not represent the actual phenomena of reality in all
respects ; -they must be carefully designed to represent well  enough
the inputs , internal characteristics , and outputs that are
essential for the purpose of which the model is developed .”
Part I classifies models into three basic types: Iconic (which is
frequently called “Scale”), Analog, and Symbolic. Model classi-
fication is shown below :

I

F
ICONIC ANALOG MATHE-
(SCALE) MAT (Symbolic)

Aero Mech. Hycro Analog Mgi- Invntry Wait- Linear —

Dynamic Model Dynamic Cptr tal ing Programming
Qnptr Line

Of the above , the mathematical form of the symbolic model is
the most prevalent type used in OR. The mathematical model is the
most sophisticated of the model fami ly. It has the greatest pre-
dictive capability and is capable of exact optimization techniques .
Once the mathematical model has been formulated , it can be manipu-
lated to examine any of the variables of parameters included within
the mathematical model and through this manipulation allow the

= ‘ observer to examine the behavior of any of the factors represented.
This capability carries with it the implication that once the
mathematical model has been formulated , additional information about
the real-world system cannot be introduced without re-building the
mathematical model. The use of random numbers in stochastic
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processes helps to limit the restrictions implied . As such, the
mathematical model remains the first goal of the builder’s attempt
to create a replica of a real-world system .

b. Types of Mathematical Models . The CSG and agency
action officer must be familiar with the various types of mathe- I~ -

matical models. Knowledge of the types and how each function will
enable him to f i t  the model to the job to be done and wil l  provide
him wi th  the invaluable analytical ability that is so vitally
essential in the review of contractual research studies. For ease
of assimilation , the models are described below and in Figure 1 I - .:

from a comparative point of view.

(I) Quantitative vs Qualitative . Basically , the
research analyst must decide whether the principal symbols of a
model indicate numbers or something else . In many problem
s i tuat ions , the numerical or quantitative aspects of the various
components of the problem are the most important. When a
mathematical model is built and is translated into symbols for
constants and variables which , for the most part , stand for
numbers , it is called a quantitative model. These are by far the
most common in business today, just as they have been down through
the history of the physical and social sciences . Some problems ,
however, concern qualities or properties of components other than
numbers , therefore , when mathematical models are built with
symbols by and large that represent non-numerical qualities , we
call them qualitative models.

(2) Probabilistic vs Deterministic. Models which are
based on the mathematics of statistics and probability into which
is introduced the uncertainties which usually accompany observa-
tions of real events are called probabilistic models. A quantitative
model which does not contain probabilistic considerations is a
deterministic model. Such a model permits no uncertainty in the
magnitudes of either inputs or outputs . An example from gunnery is:

V RM where W is the lateral distance at
— Range R and M is the angular measure in mils of the arc subtended

by W at range R. For any set of given values for R and M , there
is one and only one value for W. Many deterministic models use
an average as a constant value input . The probabilistic model
differs from the deterministic in that the probabilistic makes
allowances for randomness in one or more of the factors that de-
termine the outputs of the model. For example , an inventory model
that optimizes an inventory policy to avoid inventory shortages is

- probabilistic if it takes explicit account of uncertainty over a
period of time in the distribution of demands on the inventory.
The model would be determiustic if it assumed that the rate of
demand against the inventory is always the same (usually the
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estimated average demand). In this example , a deterministic model
would mos t probabl y give answers that would lead to bad inventory
policies.

(3) Ready-made vs Custom Built. The term ready-made model H
denotes those standard mathematical problem forms which are taught
in schools as “techniques” in which one needs only to insert his —

own set of numbers to get a ready-made answer to his problem.
Examples are the formula for finding the equation of a regression :- 

- •

line and the formula for finding the mean and standard deviation
of a set of numbers. The custom-built model, on the other hand , is - -

one which results from the model builder searching the range of
standard techniques to find a model that matches his problem and ,
f inding none , he proceeds to use the raw material of a mathematical
descipline to fabricate one that is suitable.

(4) Descriptive vs Optimizing. This model classification
stems from th~ intended purpose one has when he constructs a
mathematical model. Sometimes a model is built simply to describe
a real-world Situation in mathematical terms . Such a description
may be used to portray a s i tua t ion  more clearly, to show how it
can be rearranged , or even to calculate the values of certain
things about the situation which are implied by all  the conditions
but which are not directly observable. These are called
descriptive models, and traditionally they have been the most
useful.  Frequently , one has a problem and simply wants to know
more about it. If there are choices to be made , he wants his model
to display these choices , and perhaps help him by evaluating the
consequences of his making one choice or another. In any case, the
descriptive model has the capability of being solved once for each
alternative choice --- but no attempt is made in the model to
select the best a l ternat ive. An optimizing model, on the other
hand , is one which is specifically designed to select the best
among many alternatives while employing criteria which themselves
are part of the model. When a model of this nature is “solved” ,
it yields the best alternative according to the criteria.

(5) Analytic Mode vs Numeric Mode. it is becoming
more importan t to separate models according to the mode of
solution used . When a mathematical model is built , it is in
symbolic form and susceptible to being operated on by the machinery
of mathematics.  A model whose usefulness is derived from applying
the analytical machinery of mathematics to the symbolic structure
is said to be operated on the analytic mode . Wi th the advent of

-
• 

‘ the high-speed digital computer , more and more models are being
built specifically to take advantage of the numerical capabilities
of the machines, often avoiding entirely the use of the powerful
but often clumsy mathematical methods of analysis. These models
are operated ott the numeric mode, and any solutions which they

- - 
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provide will be numerical in form, rather than in the form of
equations , formulae , or mathematical symbols of any kind . In the
numeric mode , the focus is on the process of computation which
mus t be explici t ly stated to take advantage of the brute strength
of the digital  computer . In most practical problems, one ends up
substituting some particular numerical values for variables in a
formula to get numerical answers , even though the model was
operated on the analytic mode . -

•
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2. The Systems Approach. The systems approach is the deter-
mining of objectives of a complete system; segregating the system
into sub-systems; drafting objectives for each sub-system ; examining
the system to insure that no s igni f icant  interface has been omitted ;
and hypothesizing of ways to select the optimum means for producing
the desired output . A system is composed of equipment, skills , and
techniques, the composite of which , in combat development language, —

forms an instrument of combat. A complete system includes all
related facilities , equipment, materials , services , and personnel
required solely for its operation , so that the instrument of
combat becomes a self-sufficient unit of striking power in its
-intended operational environment. A support system is a composite
of equipment , skills , and techniques , that , while not an instrument
of combat , is capable of performing a clearly defined function in
support of a mission . A complete support system includes all
related facilities , equipment , materials , services , and personnel
required for operation of the system, so that it can be considered
a se l f -suff ic ient  unit in its intended operational environment. - :
A sys tems approach invariably requires a systems analysis which
is a formal inquiry intended to advise a decision maker on the
policy choices involved in a major decision . In DoD , a sys tems
analysis may be concerned with such matters as weapon development ,

F force pos ture design , or the determination of strategic objectives.
To qua l i fy  as a system analys is , a study must look at an entire
problem as a whole. Figure 2 illustrates a model of an on-going
systems approach . Characteristically,  the approach will involve •
continuous appraisal of a system while actually in operation or
proposed for operation.

3. USACDC Computerized Models. In subparagraph lb(3), the
model builder was urged to determine whether an existing or “ready-
made” model was available to fill his requirements. USACDC
Pamphlet 71-li , updated annually , provides a complete catalog of
CDC approved computerized models. The catalog is specifically
designed to provide potential users with information concerning
the scope of computer ized models, the computer conf iguration
required to run the model , the input required , the output obtained ,
and the location of the user ’s handbook. Information on models
developed outside CDC is contained in the Joint Chiefs of Staff ,.
Joint War Games Agency , the Catalog of War Gaming Models, Defense
Documentation Center , AD No. 806-500 .

4. Model Characteris tics.

a. Resume ’ of Requirements. To assist the cSC or
Agency Action Officer who must build his own model or review for
adequacy, the models of others , a resume’ of the important model
characteristics has been compiled . These characteristics are
included herein for use as appropriate.

Xt-5

- - -_ - -‘- -- • _______ —
~ ~~~~~~~~~~~~~~~~~~~



- - ---
~

-- - -- --
~

--- -— - - ---- - - —.----~~~- ~1

Systems

lodifica tlo , Feasib il i ty

Study
App licatlo -

Study

Equip .,nt
Ou— ioi.j Sil~cti~~

andSys tem
cquisl tI~

Prepara tion
for

lu s t a i l a t lo n

System Systems
Test

E valuation
Systems

Conv er s ion

THE SYSTE~4S APPROACH

FIGURE 2

XI-6

~~~~~~~~~-.- -—--—________ _ _ _ _ _ _  I~~~ -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



- -

‘ 

]

(1) General . It is desired that the model be two- - -

sided and employ both deterministic and Monte Carlo techniques as
appropriate. The simulation should allow for intervention of
human j udgment when it is necessary to insure valid and consistent
outputs -- for example , a stop-point to allow military analysts to
examine the selection of conditional tactics of deployment. The
model should be sufficiently divisible by sub-routine to allow for
the exclusion of unnecessary , overly complicating detail not
required in a specific evaluation.

(2) Numerical Limitations . It is highly des irable
that the simulation technique employed not numerically limit the
number of players , number of units , type weapons and their
associated munitions , etc . When a numerical limitation must be
accepted , it is imperative that it be large enough so that it
will  not impose a restriction on the usefulness of the model. It
is recognized that computer capabilities establish certain limi-
tations which cannot be overcome. •

(3) Combat Arms Units. The model must play maneuver
elements of the combat arms at brigade level and below. The
smallest element need not be the individual soldier but should
represent the basic maneuver (squad) and fire support (crew served

I 

weapon) elements of the combat arms being simulated . When the
simulation is being run at company level and below , it is highly
desirable that the individual soldier and combat vehicle be
represented . Artillery and aviation units must be depicted so
that an eva luation can be made of divisional and force elements -~~~

as they affect the outcome of bragade level and below combat. —

(4) Output . The model must allow the user to select
appropriate portions of the total information available. Maps ,
charts , graphs , and machine printouts must be in a~ format usable
by the average combat arms off icer  with out a technical background
in computer s imulations .

(5) Batt lefield Size . The size of the battlefield
represented by the s imulation mus t be compatible with the areas
of influence and effect  of the maneuver elements and their support-
ing arms . It is highly desirable that the micro-terrain be
represented by a scroll technique which would not place a numerical
limit on the battlefield size . Micro-terrain features must be
appropriate to smallest combat elements represented and include an
appreciation of cover , concealment , and terminal weapons effects .

(6) Mobility. The quality or capability of military
forces which permits them to move from place to place while re tain-
ing the ability to fulfill their primary mission includes the
means of mo vement by ground , air , or water. Inherent in this

XI—7
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definition is the desired capability to portray dynamic situations
in the simulations. Consideration must include the effects of
terrain, weather , maneuver, rates of movement, unit mission ,
darkness and degraded visibility, degradation of materiel , barr iers ,
obstacles , enemy f ires , and equipment characteristics . Tactical
variance for mobility should be instilled for main attack ,
supporting attack , defensive or retrograde movements. It is
highly desirable that individual-type vehicle mobility should be
measured as a function of limiting acceleration , deceleration,
and interaction with soil and grade angle. Considerations should
also be given to mines , obstacles , barriers, friendly fires , and
other measures employed to deny enemy mobili ty.

(7) Maneuver. The model should have the capability
of selecting various avenues of approach , routes of advance , and
techniques of movement for units and vehicles as a result of
terrain , tactical options , and friendly and enemy fires .

(8) Firepower. The model must simulate the capability
for reducing the combat potential of enemy and friendly forces by
physical destruction of their resources. It should include all
types of organic firepower , support , and those weapons systems or
other means by which the effectiveness of enemy firepower is
reduced . The effectiveness and availabili ty of firepowe r on the
tactical battlefield is a function of type terrain , composition
of enemy forces , rates of fire, intelligence , command , conununica-
tions, equipment characteristics , resupply, cover , weather , per-
sonnel and equipment vulnerability, field fortifications , tactical
air support, and other elements of combat.

(9) Effects of Artillery Fires. The model must be
able to measure the effects of various combinations of artillery
weapon systems and munitions against personnel and materiel
targets . In addftion , it must provide a measure of the capability
of artillery systems or combinations thereof to deliver harrassntent
and interdiction fires , illumination , barr iers , preparations ,
counter-preparations , final protective fires , muoke and other
special missions. The capability for evaluation of effects of
high explos ive , spec ial , and nuclear munitions must be included.
A capability for evaluation of chemical ani biological munitions
is desired . Effects mus t include casualties and/or damage
achieved , missions accomplished , and missions not accomplished
according to established criteria. Efforts required to acr~omp1ish
the established criteria in terms of cost and weight of ammunition
mus t be part of model output. Capability for evaluation of
artillery fires under “surge” conditions is also required. Capa-

— bility for evaluating requirements for number of tubes or launchers
— per battery and/or battalion should be included . Necessary inter-

face with other firepower means must be included in order to
determine realistic artillery firing requirements .
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(10) Effects of Tank/Antitank Weapon.. Th. purpose
of a routine to determine the effects  of tank , antitank, and
assault weapon. separately or in vary ing combinations is predica ted
os a determination of the firepower performance capabilities of
direct fire weapon system s which could feasibly be developed
within the state-of-the-art  of the tia frame . This routine or
model. should provide values which re f lec t  the effectiveness of the
fir ing weapon agains t the target.  The mode l should be sensitive
to effects  variations dep.nding upon the firing weapon , project i le ,
and targettype should be able to play the suppressive effects  on
targets not actually hit. This pcocess may be deterministic or
t’Ionte Carlo in approach . In s~~~ ary , the tank , anti tank , and assaul t
weapons effects model should consid.r most of the factors applied
to the probability of obtaining a hit on a target , using the
variables of the round f i red , the f iring vehicle moving, the —

dimens ions of the targe t and the configuration of the target. This - 
—

reqsairement ts~ further expanded to include interac tion among
indir ect fire weapons , mines , and aerial systems.

(11) Ef fec t s  of Direc t  Fire Infantry Weapons. The
model must be abl. to measure the caawalty producing and suppres sive
ef fects on targets (troops , materiel , iad equipment) frost the fire~
of alt direc t fire infantry weapons. The model must also provide
for the abili ty  of r i f l e  u n i t s , automatic weapons teas , and
direct weapons teams to locate and identify er.emy targets. The
model mus t discr iminate  and be sensi t ive to de f in i t i ve  changes in
range and probabi l i t i es  of h i t s .

(l .~) E f fec t s  of Mortars and Other Indirect Fire
Weapons. The model must be ~hle to measure the effects of various
combinations of mortars and other indirect fir e  weapons and
anmiunitions against targets to include personnel, materiel , and
equipment.  In addi t ion , a measure of the capabil i ty of these
systems or mixes to deliver “other f ir es ” in support of maneuver
forces mus t be included . Necessary interaction wi th  other fire-
power means must be included in order to determine realistic
f i r in g  requirements for mortars and other .indirect fire weapons.
E f f e c t s  mus t include casual t ies  and/or damage achieved , missions
accomplished , and missions not accomplished according to
established criteria. Efforts required to accomplish the estab-
lish ed criter ia in terms of coat and weight  of amsunitlon mus t be
part 01 output .

(t t) Tactical Air Support. The model mus t inc lude
I t i , -  ~-tav ot tactical a i r  support to the extent required to
..‘.~~lust.- its etfects upon the requirements for other d i r ec t  and

- - - t . - t rt~ support means .

( 1 - i)  I - t t ( - ~~ts of Nuclear , Chemical , and Biological
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Weapons. For other than artillery fires , it is desired that the
model be capable of s imulating the effects of nuclear , chemical ,
and biological munitions , in conjunction with conventional
munitions , against targets and target complexes found on the
batt lefield.  Consideration should include immediate and residual
effects of these munitions .

(15) Command . The mode l should accept a variety of
missions and decis ion rules to include orders and priorities .

(16) Communications . The model should simulate
communications factors such as transmission times , time delays , or
lack of communication .

(17) Air Defense . The model must include the -
‘

effects  of air defense weapons and other direct fire weapons upon
the outcome of A rmy airmobile operations. It is desired that the
model include an appreciation of the restrictions placed upon A

maneuver and fire support resulting from the lack of air defense.

(18) Equipment Characteristics. The model should
accept as inputs variations in critical characteristics of mission
essential equipment (other than weapons) with the intended purpose
of comparing like vehicle types and assessing the impact of other
equipments on the bat t lef ie ld . For example , the abi l i ty  to
simulate different speeds for take-off , climb , cruise , dash and
landing , all on the same flight , is required .

(19) Weapon Description . The model must accept as
input items the hardware characterist ics of the weapon systems to
be played in the computerized simulation . Military characteristics
such as speed , acceleration , cruising range , fording depth ,
ballistic protection , combat load, reliability are characteristics
which may apply to the weapon system in general. Other characteris-
tics such as time to detect targets , time to fire first and sub-
sequent rounds , rate of f i re , h i t  probability , range and accuracy ,
and projectile effectiveness or re l iabi l i ty  apply to the weapon
sys tem, its f ire control , and possibly the gunner ’s ability to
successfully engage a targe t under quasi-combat conditions.
Comparable inputs are required for muni t ions .

( 20) Terrain. As a minimum , the model must accept
elevations, trafficability , cover , and concealment indices and
compute their ef fects  on rates of movement and intervisibilities.

(21) Weather . The model should accept varying
ceilings , visib t lj tj e s , tempera ture , and precipitation and realis-
tically measure their effects on rates of movement and Intervisi-
bu ttes.
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(22) Rules of Engagement. The model must accept
rules pertaining to ranges of opening fire, massing criteria ,
rates , di rection , duration of fire , priorities of fire , and
levels of fire direction as determined by unit mission . Rules of
engagement will be closely tied with unit defeat and success
criteria and weapons capabilities. The model or appropriate sub-
routines must be capable of accepting a variety of engagement
rules so as to realistically depict tactical play required by
various combat elements.

(23) Personnel Vulnerability. The model must
accommodate single round and burst kill probabilities or suppression
on personnel under varying degrees of exposure for all, types of
weapons available to game forces.

(24) Intelligence. The model must consider the
impact of intelligence upon the selection of courses of action .
The detail to which this is played will be dependent upon the
information available in the data collection and evaluation area.

(25) Target Acquisition. The process and procedures
for detection, identif icatton , and location of targets in
sufficient detail to permit the effective employment of weapons.
Consideration must include the effects of terrain, weather , cover ,
concealment, intelligence, ground reconnaissance and surveillance,
air reconna issance and surve illance . communications, intervisibttity ,
target response/location/identification , effects of darkness/
degraded visibility, effects of night illumination and night
vision , effects of lase” illumination, degradation of materiel ,
electronic warfare equipment characteristics , rates and direction
of ground movement, and maneuver.

(26) Unit Effectiveness to Include Unit Break and
Defeat Criteria. The model must accept or establish a break-point
where a unit ’s cumulative losses or casualties render it incapable
of accomplishing its original mission . It will measure various
forms of des truction , attrition , or par tial loss , to establ ish
effectiveness rates and percentages for continued operations for
different size units and missions . This may take the form of
change of miss ion , narrowing of zone, or use of other means of
firepower or maneuver. Effects of interaction between various
firepower means must be included.

(27) Suppression/Neutralization/Destruction . The
thodel must be able to determine the capability of various weapons,
weapon system and munitions combinations of suppressing, neutral-
izing , and destroying the targets and target elements found on the
battlefield according to specific criteria.
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(28) Survivability. The model should be able to
accommodate input factors related to mobility, target acquisition, -

rules of engagement, intervisibility , various weapon system
effects, and personnel and equipment vulnerabilities, and compute
overall survivability or attrition of personnel and equipment.

(29 ) ~~~unition Expenditures. The model should 
S

tabulate rounds expended by type weapon and munition. H

b. Use of Existing Models . It may become apparent in the -

process of examining a model for the characteristics noted in “a” -

above , that the problem is not new . Chances are that a thorough
search of available literature will indeed reveal the previously
mentioned “made-to’order” model’. Action officers are encouraged
to make exhaustive studies for suitable existing models to preclude --

excessive waste of time, money , and manpower.
a -

~ 5
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CHAPTER XII

RESEARCH WARGAMES

- S.’

1. Gener~i. Chapter V of Part I to the Methodology Notebook
contains an excellent overview of Research War Games as they are
employed within L~ ACDC. It discusses the types of war games;
their role in combat developments; the organization of a war gaming
facility ; the structure of a war gaming study ; the planning , - - 

-

pregame, and play phases ; the analysis phase; and the advantages
and disadvantages of the player participation war game. Although
Chapter V is comprehensive and contains a wealth of “need-to-know”
informa tion for the ind ividua l ac tion off icer , it is more applicable
to the experienced officer than to one who is a novice in the war
game art .  For the benefit of the action officer who is exposed to
war gaming for the first time, the ensu ing chapter breaks the
action down into more definitive terms that are designed to
supplement (not rep lace) the info rmation contained in Chapter V of
Part I.

a. Background of Games as an Analytical Technique.
A game occurs when each participant in a situation has an objective r
which may or may not coincide with the objectives of other partici-
pants , and when each of the participants controls some, but not
all , of the controllable variables of the action -and the outputs.
In principle, most if not all human activity is gainelike. Even
when the action of military personnel is programmed in terms of a
common objective, not all of their individual activities may be
fully specif ied by the resulting program; they may consequently
find game opportunities on the side . Conflict between opposing
military forces is the outstanding instance of a game. The French
mathematician Borel noted the quantitative aspects of games in
the early 1920’s, including the distinction between pure and
mixed st rategies . The f i rs t  general theory is due to von Neumann
who proved the minimax theorem. The Theory of Games and Economic
Behavto,~~ co-authored by von Neumann and 0. Morgenstern , was an
historic volume which established the subject without stressing
its military applications . Much of the military application has
been developed under the sponsorship of the Rand Corporation since
World War II. Most of what has been developed has far-reaching
appl ications , extending into every phase of military operations .
While games may be pl ayed involving more than two contestants ,
only two-person gaines are cons idered here .

— b . Types of Two-Person Games. Games may be generally

—
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classified into : (1) Matrix Single Game , (2) Allocation Game ,
or (3) Sequential Came.

(1) Matrix Single Game. This type of game occurs
when the contes tants each muz choose one of a discrete set of
alternative s or strategies. As an example , let us suppose that the
commander of the Blue forces must choose one from a number of
possible routes to pass through an area defended by Red. Red , in
turn, can defend only one route. It is obvious that the “payoff”
to Blue will be greater if the route he selects is not the same
as the one that Red has selected to defend. The payoff for any
choice of route also may be influenced by such factors as the
length of the route or obstacles to movement. The joint choice of
moves or strategies by Blue and Red can be represented by a square
matrix in which Vj~, is the payoff to Blue if he chooses Route i

(i I,... ,n) and Red chooses to defend Route j (j — l,...,n).
It shou ld be noted that the payoff to Blue can , in some cases , have
negative values.

(2) Allocation Game. In the allocation game, each
opponent may simultaneously allocate his forces (or other resources)
among more than one course of action. For example, Blue can attack
a Red force , from either of two directions , or , by dividing his
force , can attack from both directions . Red knows the directions
and has the option of dividing his force so as to defend in both
directions. If Blue allocates x units to direction I. and Red
allocates y units to direction 1, then the payoff to Blue (or
loss to Red), v(x y), may be evident to both opponents. Similarly,
for other allocations, the payoffs may be known, and Red and Blue
will each select a strategy. If Red’s defensive design must be
established first, and will become known to Blue, the game is the
minorant type. If both sides must allocate simultaneously in
ignorance of the other’s alloca tion , the game is the ma loran t type.

(3) Sequential Game . The most complex type of two-
person game is one in which there is a sequence or continuum of
strategies to be followed by each opponent. Pursuit, evasion ,
and continued conflict are typified by this type of game. Differ-
ential games are also included in this category. Sequential
games will not be discussed in this chapter.

C. Solution to Game Problems.

(I) Graphic Solution of a 2 x 2 Matrix Single Game.
Suppose that Blue is capable of successfully defending either of
two of his installations but not both . Blue then has two “pure”
strategies , Blue L and Blue 2 , corresponding to the number of the
installation he decides to defend . Red is capable of attacking
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either installation, but not both , and will also have two strategies.
Three general types of this 2 x 2 game situation are shown in the
figure below:

Maximin 
____________ _____________

~~ 
: 

4

~e t :. 
~ 

f %
.‘~‘t~

’

“ I d  % g

Minimax

Red (a) Red ed ~~b) Red Red (c) Red
1 2 1 2 1 2

4 Case (a). In this case , the minimum payoff to Blue is at point “d”
if he follows his strategy 1 and at point “a” if he follows
strategy 2. The maximum of the minimum payoffs (maximin) is at
point “a”. As for Red , the maximum payoff he must give is at.
point “a” if he follows his Strategy I and at point “c” if he
follows Strategy 2. The minimum of his maximum payoffs to Blue
(the minimax) is at point “a”. When the maximin and the minimax
are at the same point, this is called the “saddle point” of the
game , and represents the best strategy for both Blue and Red. Blue ’s
Strategy 2 is a “dominant Strategy”; i.e., no matter what Red does, S.

this strategy always has a greater payoff than Strategy 1.

Case (bi. This is not different from Case (a) , except that if Red
uses Strategy 1, it will make no difference what strategy Blue
employs. The point “e” now represents a saddle point.

Case (c). This case is the only difficult one to decide. It is the
more likely case in practice since it is typically better for
Blue to have defended the installation that Red chooses to attack .
For Case (c) a policy is needed . Suppose that Blue and Red are
individual units or armies that will engage in repeated games with
each other. Very likely, a number of these repetitions might consist
in (other) gaines in which the payoff relationships were numerically
like (c) . If so, then each would gradually acquire knowledge of the
other ’s strategy . For example , if Blue always defended the more
valuable installation, this would gradually become apparent to Red.
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One way to investigate the question of the bes t strategy , therefore ,
is to suppose that this particular game is played over and over . On
repetitions of the game, it is not always necessary for ei ther
player to make the same choice every time. The figure indicates that
it would be better for each to vary his choice.

The graph of the matrix itself suggests what would be a good long-
run pol icy for Red. Consider the distance from 0 to the point
labeled 1 to be of unit length. For any point on this axis , let
r be its distance from the point 0. Then regard r as the fraction
of the t ime that Red chooses his alternative 2. Because of the

- 
- par ticular numerical values of the Vj~~, r will have some particular

numerical value at the point M , which value will be noted by r*.

If Red chose his al terna tive 2 in a fraction of the cases greater
than r*, then Blue , by favoring his alternative 2 the more, would
have an average payoff higher than if Red used alternative 2 in the
fraction r* of the cases. Similarly, Red should not choose his
alternative 2 in a fraction less than r*. To choose his alternative
2 in a fraction r* of the plays is thus the best strategy for Red.

The strategy is termed a mixed st rategy ; and a problem is how to
achieve the mixture in fact over a period of t ime . One solution
is to randomize the choice on cach play of the game, setting the
probab ility of choosing R2 at r.

An exac tly similar reason ing will es tabl ish the fac t tha t Blue should
also use a mixed strategy . A separate f igure showing the argument
above for Blue instead of for Red may be visualized.

(2) Numerical Solution of a 2 x 2 Game. As a numerical
illustration , suppose that installation I is worth three times as
much to Blue as is 2. Then the solution obtained by applying the
above procedure is as follows:

Red Row Blue ’s Use
Minimum Probabilities

Blue 
3/4

Column
Max 4 4 1 1/4

Red ’s Use Probabilities:
1/4 3/4
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The value of the game is the average payoff to Blue if both opponents
use their best strategies . If there is a saddle point, the value of
the game is the value of this point.

In case of a mixed strategy , the value is determined by calculating
the payoff for either the Red or Blue mixed strategy against either
of the opponent ’s pure strategies. Thus, us ing Blue ’s mixed
strategy against Red Strategy 2, the value of the game is determined
to be

3(3) + 1(4) — 3.25

4
(3) Graphical Solution of a 2 x a Game. When one

opponent has only two choices , but the other has a possible choices
(m~~~2), the game becomes a 2 x in game. A graphical method is
useful in evaluating the m alternatives so that all but two are
eliminated , and the problem is reduced to a 2 x 2 game.

Assume the following matrix of payoffs to Blue :

Red Strategies ( j )

1 2 3 4
1 -4 1 3 -5

Blue Strategies
2 3 -4 2 6

These values are plotted as shown in paragraph 12c(l).

The lowes t linear pa th represents the minimum payoff to Blue for
- any Red strategy. Of the lines that make up this path , the two

that intersect at the maximum value (labeled M on the chart), are
the two strategies (in this case, 1 and 2) that should be
followed by Red.

Cons ider ing only these two strategies , there is now a 2 x 2 game ,
from which we can proceed to determine best pure strategy (if
there is a saddle point) or mixed strategy . See Figure 1.
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(4) Basic Relationships in Determining the Value of a
Game. If Blue plays his strategy I with probab ility b and if Red
plays his strategy I with probability r, then the value V(b,r) of - 

-

the game will be V(b ,r) — br11 + b (1. - r)rv21 
— (I - b) (I - r)v 22

This can be put into the standard form V(b,r) -A( b - b*)(r - r*)
+ V (b*,r*) where A is a constant. This shows that for all b and r ,

V(b , r*) V* = V(b*,r*) V(b*,r).

Identifying coefficients ,

- - v + v - v ~ 
— (“22 - “‘21)/AA — v 11 12 22 21 (

) r* — (v 22 - v12)/A

V(b*,r*) = 
v11 v2 2 _  v12 v21 — 

L!.L

A A

where /P/ is the determinant of a payoff matrix.

2. Two examples can be cited from World War II records of
how military situations that required a critical decision as to the
disposition of forces and assignment of missions developed into
the essence of a game.

a. In the Pacific campaign in February 1943, intelligence
reports indicated that a Japanese (red) convoy would soon go from
Rabaul at the east end of New Britain on the mainland of New
Guinea. The convoy would have a choice of two routes , each requiring

= about three days of sailing . One route was the north coast of
New Britain , for which bad weather was forecast fo~ the first twodays . The other was the south coast, for which the forecast was
for clear weather. The US Air Force Command (Blue) was ordered to
intercept and inflict as much damage as possible on the convoy.
Blue ’s choices were between which of the two routes to concentrate
most of his reconnaissance aircraft.  Once the Red convoy was
spotted , on either route, bombers could strike it.

The Blue C.,smiander estimated that the following outcomes would
occur:

- -
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Red North Red South Row
Mm - -

Blue Convoy would be discovered Convoy would be dis- 2 - -

North by the 2d day , permitting dovered by the 2d day
an estimated two days of permitting an estiina-

bombing, ted two days of bomb-

Blue Convoy would be discovered Convoy would be dig- I
South on the 3d day , permitting covered immediately,

one day of bombi~~. permitting three days
of bombing.

Col Max 2

Using days of bombing as the measure of payoff, we have a 2x2 game
in which there is a saddle point (Red North , Blue North), with a
value of the game of two days of bombing.

In fact , Blue and Red selected these strategies . In the book,
Military Decision and Game Theory, the author , O.G. Haywood , Jr.,
points out that the game was correctly considered to be zero-sum

• game , since the outcome judged good by one consnander was judged
bad by the other in corresponding amounts. r

b. According to General Bradley ’s report, the following
situation developed when the Allied (Blue) had just broken out of
their beachhead on the French coast through a narrow gap by the
sea of Avranches, exposing the vest flank of the German 9th Army
(Red). This Army was already being contained by a frontal attack
by the US 1st Army Red had two choices: (1) attack westward and
try to cut off the gap; or (2) withdraw substantially eastward to
a better defensive position . Blue ’s key decision concerned what
to do with an uncommitted reserve of four divisions located just
south of the gap. Three mutually exclusive courses of action were
considered: (1) order the reserve back to defend the gap ; or
(2) send the reserve eastward to press Red ; (3) wait one day. Blue
estimated that if Red attacked but the gap held for one day , later =reinforcement would be unnecessary.

The probable outcomes are not quantitatively as simple as those in
example (1) above . Bradley develops them at some length (with no
explicit reference to game theory or its terminology) pointing out
the importance , as events subsequently proved , of the decision to
the Red force . The row minima are :
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for Blue (1) , the gap is not cut

f or Blue (2) , the gap is cut

for Blue (3) ,  weak pressure on Red’s withdrawa l , gap may be cut

The colume maxima are :

for Red (1), the gap is not cut and Red may be defeated

f or Red ( 2) , strong pressure on Red withdrawal

General Bradley (Blue) adopted course of action (1), the maximin.
The German (Red) Commander (von Kluge) is reported to have adopted
course of action (2), the minimax , but to have been countermanded
by Hitler. The German Army attacked westward and was badly
defeated ; von Kluge subsequently commit ted suicide .
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CHAPTER XIII

AUTOMATIC DATA PROCESSING EQUIPMENT

1. General. With the rapid advance in technology and the
correspondingly increased requirements for rapid assiinulation of
data, there has been a stadily increasing demand for automation
of management information systems. This requirement has exhibited
itself within CDC in recent years in an ever rising crescendo.
Prac tically every major project now requ ires automatic processing

— of data. To meet these requirements on a timely basis, nA and
Headquarters, USACDC have published a series of regulatory documents.
Some of these documents are not generally applicable at the Head-
quarters , CSG , and agency operating levels; however, some are

-

- 
vitally applicable . They are as follows :

a. AR 18-1, 14 February 1966 , “Army Information and Data
Systems - Objectives and Policies”.

b. AR 18-2, September 1967 , “Army Information and Data
Systems - Responsibilities and Procedures” .

c. TB 18-7, April 1966, “Army Information and Data
Systems”.

d. AR 705-5, 15 October 1964, “Army Research and
Development”.

e. Letter, CDCCM-DPSA , Head quarters , USA~DC , 12 June
1967 , “Operating Procedures, US Army Combat Developments Command
Data Processing Installation - Fort Leavenworth”.

2. ADPE Defined. ADPE includes:

a. Electronic digital computers and hybrid in conjunction
with or independent of an electronic digital computer.

b. Punched card machines (PCM) used in computers irres-
pective of use, s ize , capacity, or price.

c. Peripheral or auxiliary equipment used in support of
an electronic digit .l computer or PCM whether used on-line or off-
line and whether selected or acquired with the computer or PCM or
separately.
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d. Data transmission and conriunications equipment that is
selected and acquired solely or primarily for use with a configura-
tion of ADPE.

3. USACDC ADPE Procurement and Management Policies. All CDC
procurement and management is centrally controlled. That is, the
CDC comptroller is the final approving authority on all requests
for ADP actions, for providing approved ADP services, for establishing
priorities among competing CDC requirements, and for scheduling corn-
puter runs . The comptroller provides these functions through an ADP
advisor in his office (telephone extension 46824). To provide the
necessary ADP services, he observes certain DA policies and procedures
guidelines and regulations which are listed below:

a. Central control, in this case, also means centralized
computer services. This centralization is accomplished by locating
the USACDC Data Processing Field Office at Fort Leavenworth, Kansas,
where an Army-owned Control Data Corporation 3300 is established for
the purpose of fulfilling all USACDC ADP requirements that do not
exceed 3300 capabilities.

b. Determining sources for fulfilling ADP requirements.
Basically, there are four sources that the comptroller may use,
depending upon the nature of the particular requirement:

(1) First, he is required to utilize the Army-owned
CDC 3300 computer if it has unused t ime available and is capable
of performing the job.

• (2) If, for justifiable reasons the CDC 3300 cannot be
used, he is required to submit his request to General Services
Administration for utilization of other government-owned ADP faci-
lities. —

(3) If, for valid reasons, the use of other government
ADP facilities is impractical, he may le4se or rent ADPE from non-
government sources, but not unless ~ .DPE utilization screening pro-
cedures as outlined in AR 18-4 have established that suitable
government equipment is not available to satisfy the requirement.

(4) If required computer services are less than
$10,000 per contract, he may purchase the necessary computer time.
Contracting for services through a series of incremental-type con-
tractual arrangements involving more than one contract of $10,000
or less, none of which provide a completed project is prohibited.

4. ADP contracts as separate entities for group or agency
convenience are prohibited. A request for ADP services is not
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considered unless the requested service is a necessary part of an
approved project. Headquarters, CSC or assigned agencies are not
authorized to request computer time for the purpose of convenience
or for consolidating several non-related projects.

5. Software Policies. COBOL is the Department of the Army
standard computer language for use in business-type automated
information and data systems. Within CDC, the computer language
used for scientific research will be Formula Translation IV

• (FORTRAN IV).

6. The CDC 3300. As previously mentioned , the USACDC Data
Processing Field Office is at Fort Leavenworth, Kansas; its opera-
tional control is at Headquarters, USACDC. The office functions as
a data service center bureau under the operational control of the
comptroller, HQ, USACDC. Computer operating services are furnished
for both contractors and comand personnel engaged in approved
combat developments activities. To obtain time on the CDC 3300
computer, the using agency should notify the CDC Office of the
Comptroller through channels. As a minimum, the notification must
include:

a. Applicable action control numbers.

b. Study or project directive.

c. Study or project title.

• d. Contractor(s), if applicable.

e. USACDC Proponent Activity.

f. Approximately required nuther of computer usage hours,

r by month.

g. Data application must be complete, if applicable.

h Model or simulation to be employed.

7. Scheduling the CDC 3300. Based on known projected operating
• support requirements, the Comptroller, HQ, USACDC, will determine

the availability of unused computer time and will advise the CX
activity as follows:

a. Time is available on the 3300 for the hours of use
and time period requested. Arrangements for daily use may then

) XIII-3
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be undertaken directly with the Officer-in-Charge, Fort Leavenworth
Division, USACDC Data Processing Field Office.

b. Insufficient unused 3300 time exists. Alternate sources
of acquiring the t ime will be explored by the comptroller under the

• provisions of AR 18-4 and the activity concerned will be advised of
the alternate source of computer support. [1

8. Processin& Priorities. As necessary, for studies and
projects supported by the CX 3300, Headquarters, USACDC may establish
processing priorities. Priorities will be assigned to specific
studies or projects and will be the result of Headquarters, USACX
Coninand Group decisions.

• 9. Telephone Contact. Subject to staffing by CDC, daily use
of the 3300 computer (once a priority has been issued) may be under-
taken by direct contact between the CX activity and the OIC, Fort
Leavenworth Division, USACDC Data Processing Field Office, Area Cod.
913, telephone Overland 4-4169. Extended projections and reserva-
tions for daily use of the computer will not be honored and should
not be solicited. Operating experience to date has proved that firm

• • allocation and reservation of hours of computer use beyond two days
from the currant date is not practical and results in non-use of
computer time which could otherwise have been gainfully employed.
The hours of operation of the 3300 is 0800 to 2400 daily including

4 Saturdays and Sundays (496 hours per month). The scheduling of time
beyond these hours will require 3 days of advance notification to
the Officer-in-Charge.
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CHAPTER XIV

THE FIVE-YEAR RESEARCH AND DEVELOPMENT PROCRAZ1

1. The OR Schedule. In January of each year , Headquarters ,
USACDC formulates the annual coninand Five-year schedule for Research
and Development . This schedule identifies the scientific support
requirement for each agency and institute and provides the necessary
supporting data for submission of iJSACDC requirements to the Office
of the Chief of Research and Development (OCRD). The importance of
the schedule is obvious. From it , the planning program evolves and
the necessary funding is provided for ensuing contractual support
during applicable years. Inasmuch as presentation of a meaningful
and complete fire-year cotmnand schedule can be based only upon

• inputs from subordinate components of CX , it is imperative that
each subordinate agency of CSG formulate its five-year operations
research schedule at least ninety days in advance of the 15 January
due date (by 15 October). In like manner, it is essential that CSC
consideration and approval of the agency plan be completed not later
than 15 December of each year. Although the detailed format for
submission of the Five-year R&D Schedule is published annually by
Headquarters, CX, there are certain essential elements of the
program which remain constant from year to year. The constants can
be used to facilitate timely advanced planning, and , if followed,
can produce a high quality end product. The following procedures
will apply when agencies submit their five-year schedules to Head-
quarters , CSG:

a. The base schedule of the previous year will be used as
the beginning point for planning purposes. Depending upon the rela-
tion of a proposal to the previous base schedule, each proposed
action will be identified at the top of the first page as follows:

(1) Category I: Those actions which were in the pre-
vious year base schedule, which are using contractual support, and
will not be completed by the end of the current fiscal year. (When
~~~ change is anticipated in a Category I project, its submittal as
part of the five-year OR Plan must be accompanied by a USACDC Form 87
prepared in accordance with Vol 1, USACDC Pamphlet 71-3.

(2) Category II: Those actions which were in the base
• schedule when the plan was submitted the previous year, but for

which contractual support was not obtained during the year, and for
which a requirement still exists. (Category II projects must be

I
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accompanied by a USACDC Form 87 reflecting any proposed change. forthe following fiscal year or any ensuing year).

(3) Category III: Those actions which were notinitially scheduled when plan was submitted the previous year , butwhich have been authorized contractual support during the year,and which will not be oompleted by the end of the current fiscal -‘year. (Category III projects must also be accompanied by a USACDCForm 87 reflecting any proposed changes for the following fiscalyear or any ensuing year.)

(4) Category IV: Those act ions now in the USACDCprogram which will require contractual support during the followingfiscal year and/or subsequent years. (Category IV action requestsmust be accompanied by a Form 87 as required by paragraph 6, USACDCRegulation 71-6 and a completed Research and Technology Resume,DD Form 1498.) L
(5) Category Vt Those new items which are proposed tobe entered into the IJSACDC Program and which will require contractualsupport during the following fiscal year and/or subsequent years.(Category V action requests must be accompanied by a completed Researchand Technology Resume, DD Form 1498 and three USACDC Form 87’. pre-

~~~~~~~~~ pared in accordance with Volume 1, USACDC Pamphlet 71-3, April 1968.

b. Agencies will forward each USACDC Form 87 and DD Form1498 in triplicate. Instructions for completing Research and Techno- r- • logy Resume, DD Form 1498, 1 August 1964, are as follow, :
(1) Items 1, e, and 3 leave blank.

(2) Item 4 enter date of preparation.

(3) Item 5 enter either ~~~ meaning the project is nowcontracted for and additional support is required in the scheduledyear(s) or ~~~ which indicates this is the first time the project hasbeen proposed for contractor support.

(4) Items 6, 7, and 8 will be completed in accordancewith AR 705-12, Change 3.

• (5) Items 9, l0a and lOb lEave blank.

(6) Item 11 enter the same title as listed on• Inclosute 2.

(7) Itent 12 leave blank.
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(8) Items 13 and 14 indicate required datea.

(9) Items 15, 16, 17, 19, 20 , 21, and 22 leave blank .

(10) Item 18 prior year will be the dollar amount 
-

•

shown in column 7 of Inclosure 2, current year will be the dollar
amount shown in column 8, inclosure 2.

(11) Items 23, 24, 25, and 26 complete. Refer to
AR 705-12, change 3.

(12) Item 27, Coimnunications Security, complete.
Refer to AR 705-12, Change 3.

(13) Items 28, 29, 30, 31, 32, 33, 34, and 36 leave
blank ,

(14) Item 35, estimated funds, enter here the dollar
aim~unt shown in column 9 of Inclosure 2.

• 2. Preparing the Five-Year Plan. As soon as the Five-Year
Plan submitted in any particular fiscal year is approved, agencies
should start work on the plan to be submitted for the following
fiscal year. The following general guidelines will assist action
officers in planning the program:

a. Projects to be included in the Five-year OR Plan will
be prepared in accordance with para 2, Chapter XIV of this notebook
and with USACDC Pamphlet 71-3.

b. Detailed supporting data is not necessary when the
Five-Year Plan is first submitted . (Full details to include state-
ment of work and all supporting data will not be required until
after the original proposal has been approved.) The submittal of
a proposal as part of the Five-Year Plan will include the following:

(1) A precis of not more than three pages which
provides minimum essential information that is thorough enough to
permit objective evaluation of the need for the work and at the
same time, provide supporting data for funding considerations.
The precis will  be prepared according to the format in Figure 1.

(2) A precis will be submitted for each project
previously approved or anticipated, if the project requires con-
tractual support during the following fiscal year or any part of

• the ensuing five years.

• 

• 
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1. ACTION :

2 • MATURE AND SCOPE :

3,, ~~~~

4. IMPACT OF DISAPPROVAL: H

5. BEGINNING & COMPLETION DATES :

6. RECO~IIENDED CONTRACTOR:

7.
FT 70 FT 71 FT 72 FT 73 FT 74

MAN
NONTME

DOllARS

8. AON NO.

FIGURE I

(3) A USACDC Form 87 in triplicate will accompany
Category I , II , and III proposals only if the precis propose. a• change in the project. (A change in dollars, scope, time, objective)
or any other.) A Form 81 in triplicate will accompany every
Category IV and Category V proposal.

(4) Category IV and V proposals will require not only
CDC Forms 87 but also DD Forms 1498. Category V proposals are the
only one. that may be submitted without Action Control Number .
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(5) The costs involved in the Five-Year OR packagesubmitted by each agency will be sunmarized in the forma t shown in
Figure 2. The following procedure will be used: 

-

•

(a) Dollar costs for Category I , II , and III
items will first be entered identically as they were entered when
they were submitted the previous year. Proposed changes for eachfiscal year will then be listed directly below In parenthesis. Ifchanges other than in dollars are proposed, an asterisk will beentered af te r the project title . (The asterisk will alert eachreviewer to turn to the appropriate Form 87.)

(b) For Category IV and V items , the estimateddolla r costs will be entered in parentheses in the Columns for theapplicable fiscal years .

(c) Caution should be exercised in enteringestimated dolla r amounts. In many cases , present funding will pro-
vide contractual support beyond the end of the present fiscal year.If this is the case and no increase is required to complete thesupport in the following fiscal year, no estimate should be enteredI in column (9) of the form.

(d) All documents will be in triplicate: theproject precis, CDC Form 87, DD Form 1498, project su~~ary.

(e) Each agency will recoumiend priorities amongthe project proposals being submitted by that agency as part of theFive-year OR Plan . Priorities will be listed on the suumtary sheetin Column one identically to the priority established the previousyear . Column 2 of the suninary sheet will contain the reconinendedpr ior ity for now and subsequent years, without regard to thepriority entered in Column I. Upon receipt of all agency proposalsat Headquarters , CSC , an officially appointed coninittee of actionofficers and/or division chiefs wiU evaluate proposals and establishfinal relative priorities for the entire CSG Five-Year Package .
• (f) The~Itinerary for the Five-Year Program. Thescheduled completion dates for each phase of the Five-year OR Programare as follows:

1 September to 1 October A CSG Action Officer visit to each
agency to advise agencies on 5-year

- Plan formulation .

15 October Completed agency proposals due
• at HQ, CSG.
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22-27 October Formal Agency presentation at
(five working day.) HQ, CSG (One agency presentation

per day)

15 November Final agency revisions due at HQ,
CSG.

22 November CSG Divis ion Chie f and Action
Officer Comeittee evaluates pro-
posals and establishes CSG
priorities.

15 December Final 5-Ye~tr Proposals due atHQ, CDC

*ALL the above dates are dependent , of course , upon their falling
within the working day schedule. When any of the above dates in a
particular year fall  on weekends , the workday next preceding each
due date will prevail.

(g) After the entire CSG package has been consi-
dered by HQ, USACDC and HQ, CSG has received notification of approval
action on any particular propoSal, HQ, CSG will then request the pro-
ponent agency to provide all details necessary for initiating con-
tractual action. (A detailed proposal, statement of work, any other - -

dQ,cument needed to “kick off” the project on time.)

(h) Consultants and personal services are not
authorised as part of the Five-Year OR Plan. Inasmuch as all such - -

services are diff icul t  if not almost impossible to obtain , any need
for them will be made the subject of action separate from the Five-

• Year Plan , not a part of it.

(i) FADS. It is the policy of Head quarters , CSG
that Functional Area Descriptions are the inmiediate responsibility of
the proponent agency and that FADS be formulated in-house by assigned -

•

government personnel. Any exception to this policy must be obtained
by submitting full justification to Headquarters , CSG.

(j) Proposals to contract for Automatic Data
Processing facilities will not be submitted by proponent agencies.
When computer facilities are needed to complete a study, the total
hours of processing time will be indicated in the proposal so that
the Comptroller, HQ, CDC may make arrangements for government owned
or leased facilities.

(k) Questions regarding procedures for formulating
the Five-Year OR Plan should be referred to the Operations Research
Branch, O&E Division, HQ, CSC, Fort Belvoir extensions 4-5950 or 4-6564.
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CBAPTER XV

MATFRTEL

During the development of this Chapter, Systems and methodologies
were undergoing change. When these are finalized , this chapter
will be rewritten and distributed .

1. Materiel Development. The ultimate goal of combat
developments is to organize and equip the Army so that it can best
acconip!ish its mission . To achieve this goal, the Army must not
only have ideas but must also have means of developing the ideas into
usefu l hardware. The evolution from basic idea to military hardware
involves three separate but interrelated processes or cycles:
Materiel Requirements, Research and Development, and the Budget.
USACDC has prime responsibility for the materiel requirements cycle.
Materiel development preced ing production may be visualized in
three broad phases: concept phase , definitio~ phase , and develop-
ment phase. The time element for each phase does not end abruptly.
Each phase tends to overlap the preceding and the following.
Figure 1 shows the various milestones in the concept network.
Subparagraph a below explains the action at each milestone.

a. Concept Phase. The concept network (See Fig 1)
represents a typical project. The milestones or events shown are
based on relative time with no time span indicated between events.
In addition , it is nearly impossible to determine in advance where
information generated in projects or tasks initiated at the start
of the phase will be utilized . The data generated may have broad
application to many projects or they may be of limited value. As
a result, projects and tasks entering into the definition phase may
originate from itidustry, private institutions and colleges,
Qualitative Deveiopment Requirements Information (QDRI) program,
and private individuals, or as a result of many in-house research
projects. In other words, the goal is to maintain a technological
bank from which technology may be withdrawn as necessary to
support development. Not all projects will have their beginnings
in research. They may be initiated at any time during the concept
phase. The following paragraphs describe events and activities
within each block of the concept network. Although the events and
activities are shown sequentially, many actions are being performed
concurrently with one or more other events or activities.

(1) Guidance Documents (block 1). The materiel life
cycle has its beginning with a family of Army planning documents.

• The most important are the BASE, the ASP , and the AFDP. In

• addition, the Chief of Research and Development publishes an Army
Research Plan (ARP) and a Research and Development Long Range Plan
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(RDLRP) which identif ies scientific and technological areas of
interest to the Army and describes broad objectives sought through
research and exploratory development. The guidelines, objectives,
and priority operational requirements contained in the above men-
tioned plans serve as a framework for the pursuit of work to
discharge the Army’s total mission responsibility. All of the

• plans are reviewed and updated annually.

(2) User Studies (block 2). USACDC is charged with
the responsibility for originating and documenting requirements for
combat materiel for the Army in the field. CDC plans, maintains,
and conducts the Combat Development Study Program. Studies corn-
pleted under this program culminate in new or improved doctrine,
materiel and organization. Future requirements are documented in
the form of broad OCO ’s or specific ~4DO’a, ADO’s, (~1R’s and SDR’s.These studies are planned and conduc ted within the framework of
guidance provided by the Army’s family of plans (see block 1):
Documentation of objectives, requirements , and studies is accom-
plished by publishing them in the Combat Developments Objectives
Guide (CDOG). CDOG, therefore , serves as the prime requirements
guidance document for Army developing agencies. CDC is conducting
studies and tests while AMC is performing its research and develop-
ment work. CDC monitors the research and development work to
obtain information on the necessary technology from which it can
come up with new or revised operational objectives (See block 5).

(3) Basic Research (block 3). The US Army research
and deve lopment cyc le has its inception in the research projects
and tasks of the research category. The basic research program is
directed toward fur thering the sum of fundamental knowledge in
scientific areas of potential interest to the Army. The net sum
of all the output of the world ’s basic research activities is data
and theory. This, when analyzed and studied , lead-s to the formula-
tion of a Technological Forecast.

(a) Any individual , unit , or agency may propose
an idea or concept that might lead to establishing a research
project. A developing agency may establish a research task or

• project provided it falls within the scope of approved plans,
objectives , programs, budgets, and the assigned area of responsibi-
lity, or if it is judged proper for support under the in-house
laboratory independent research program (AR 705-55) .

(b) Each project or task will be submitted aM
justified on a DD Form 1498 (Research and Technology Resume).
This will notmally be done in association with the annual RDTE
budget and programing cycle, some 9 to 21 months prior to receipt
of funds (AR 705-12).

—



• (c) Project initiation and terminations must be
recorded in the ANC Technical Coninittee minutes (AR 705-9).

(d) Upon approval and funding of a project, the
actual research will be continued in the appropriate ANC laboratory
or by contract with an outside ager.cy.

(e) Research work will continua as long as the
effort is promising, and enjoys sufficient priority, and funding is
available.

(4) Technological Forecast (bLock 4). The technolo-
• gtcal Forecast, prepared by AZIC under the CRD , DA , provides the
• operational and technical gains expected to be achievable in the

period up to 20 years in the future and examples of materiel which
• could be provided. Volume I contains descriptions of trends and

expected gains in knowledge in various scientific disciplines.
Barriers limiting advancement are identified . Volune II contains
a forecast of technological capabilities expected to be achievable
from current and forecasted scientific knowledge if funding and
progranm*ing is provided. Volume III contains materiel concepts
deemed feasible in the period up to 20 years in the future if the
state-of-the-art continues to advance as expected .

(5) Operational Objectives (block 5). Operational
objectives are DA-approved quantitative needs for new or improved
operational capabilities in the area of doctrine , materiel, and
organization. They are stated in broad terms and are listed in
CDOG. Operational objectives are developed by CDC, utilizing the
Technological Forecast and tactical innovations generated by its
doctrinal , materiel, and strategic studies.

(6) Objectives for Technology (block 6). Objectives
for Technology are used for the development of technical and
tactical capabilities. They provide a necessary stepping stone •
from the strategic and operational planning guidance of the DOD and
DA General Staff to definitive , quantified statements of technolo-
gical goals which may encompass a 20-year t ime frame . The
objectives are targets and are not design limits for specific items.
Achievement of the ob~jective for one concept does not preclude thepossibility of cont inued support of tasks which can provide equal
or superior means for achieving the same objective by more simple,
economical, or tactically effective concepts. Technical objectives
assist CDC in its planning and formulation of recon*nendations for
development of materiel consistent with technological achievements
predicted by AZ4C in its Technological Forecast. This set of • - -

objectives becomes the basis for subsequent ANC research and
development planning and programing actions and establishing some
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of the applied research projects in the research and exploratory
development categories.

(7) Applied Research Projects (Research Category)
(block 7). Applied research project8 are directed toward developing
new and better materials and technical capabilities . These applied
research projects and tasks will usually appear in the research and
exploratory development categories of the RDTE program . These
projects and tasks are related to the Objectives for Technology and
are time-oriented applied research tasks , the successf ul completion

• of which is required before development to meet the technical
• objectives can be started. These time-oriented applied research

tasks or projects are planned to be formed into an ANC-wide
integrated task network which when associated with annual available
resources will provide ANC decision makers with an indication of
those operational objectives (block 5) that are likely to be met.

(8) Technical Estimates and Concepts (block 8). The
output from applied research project/tasks furn ishes an estimate
of technical capabilities to perform the functions necessary to
satisfy the operational objectives and to indicate any new materiel
concepts which appear feasible. Technical capabilities indicate the
technical capacity to perform a function, having potential utility
in military materiel systems, to a given precision or range of
precisions under a specified range of conditions. The ability to
scale the precision or magnitude of performance over a range which
can be predicted as being useful for military end item development
completes establishment of the technical estimate and establishes
the point at which it is logical to terminate the applied research *

projects/tasks as applied to specific functions. The information
gained can then be used by the developer in development projects ,
and by CDC in establishing c~4DO’s.

(9) Qualitative Materiel Development Objective (QMDO)
Approved (block 9). The f i rs t  formal requirements document that
the Army uses in the research and development cycle is the ~lDO.
Any individual (military or civilian), unit , or agency may propose
a concept or idea that migh t lead to establishing a QMDO . However ,
CDC is delegated the authority and responsibility for preparation
and submission of c~iDO’s to ACSFOR for approval. CDC uses operations
research techniques to relate future tactics to the technical
estimates and concepts furnished by AZ4C as a result of Its basic
and applied research work. From this point on all research and
development must be supported by requir ements document sur h as
a ~ IDO , ADO , ~ (R , or SDR unless otherwise directed by ap t~ op r iate
DA authority. Prior to this time , the family of Army plans could
be used as authority to initiate projects or ta sks. Sometimes ,
QIIDO’s are initiated earlier in the cyc le at the t ime the operational
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objectives are established (block 5). Since the QMDO and its
implementing plan sets the guidance for future programing and
funding of research and development concepts and systems , it is a
major decision point in the cycle.

(10) ~1DO Plan (block 10) . Upon approval of the QI1DO ,
the CRD assigns responsibility to ANC for research and deve lopment
work. AMC will then assign responsibility for the QMDO to one of • -

the subordinate conenands or laboratories on a sole, prime, or
attendant basis. The designated development agency will prepare
and coordinate with other developing agencies that have competence
and responsibilities in the area concerned , a br ief but specific
plan that outlines all the research and development work that is
required to prove out the feasibility of the QI1DO. (See AR 705-5
fo r in formation to be included in the plan.) The plan sunenarizes
ex4sting research projects and tasks, states an estimate of the
additional projects and tasks required to achieve the technological

• capability, and gives an estimate of the research risks involved in
each approach. Cost estimates are also included. The QMDO plan is —

coordinated with USACDC.

(11) Applied Research (Exploratory or Advanced
Development) (block 11). The applied research work involved in
these projects and tasks is directed primarily toward filling the
gap itt technology as outlined in the task networks of the QI4DO plan
and to evolve potential concepts in order to determine the degree
of feasibility of the QMDO.

(12) Potential Concepts (block 12). As work progresses
in the app lied research projects and tasks , information and data are

• generated from which potential concepts can be generated. Each P
potential concept is expected to contain a description of the
technical risks associated with the feasibility of attaining the
technical charac teris tics, the level of mil itary effec tiveness
resul ting from these charac teris tics and a rough cost estimate.
The cost extimate will serve to indicate those concepts that are
inordinately expensive and will provide a means for ANC/CDC to
ulcimately evaluate high cost versus urgent military need. These
potential concepts when followed up by compo nent develop ment
projects or tasks in the exploratory or advanced development
category, will lead to technically feasible solutions.

(13) Building Block Projects (block 13). Building
block projects and tasks are the efforts  extended to develop sub-

• systems or components that can be utilized in one of the potential
concepts that have been determined in block 12. They consist of
exploratory and advanced development work falling within the
development class. It is here that efforts are expended to engineer
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and refine the concepts to de termine technically feasible solutions
that satisfy the QMDO. These pro jects/ tasks are continued until
the bes t technical solution has been selected and the project is
approved to go into the engineering or operational systems develop-
ment category. At this time , engineering is about all that should
be required to end up with a hardware item or system.

(14) Technically Feasible Solutions (block 14). As
a result of the “building block” work , one or more techn ically
feasible solutions may be evolved , that can be developed in a
specific time period if adequate resources (funds , facilities , and
personnel) are made available. These solutions when forwarded to
CDC in the form of a Qualitative Materiel Approach (QItA) afford
the basis for initiating an ADO or QI4R. An analysis of the various
technical solutions js usually done in the concept selection process
where all fac tors are considered before sOlec ting the best course
of action to be followed in going into full scale development.
This event normally complete~ or terminates the concept phase. 

0

b. Definition Phase.

(1) Definition . The definition phase ininediately
precedes and leads to the development phase. It is established to
provide a logical procedural step for accomplishing an orderly
transition from the conceptual to the development phase. It
includes contract def init ion phase referred to in DOD directive
3200.9 and AR 705-5. The definit ion phase systematically translates
technological advances into total system design requirements to be
met in the development phase. It also serves to insure that full *

scale development is not started until costs, schedules, and
per ormance objectives have been caref ully thought out and evalua ted
against one another and that a high probability of successfully
accomplishing the full-scale development phase is anticipated . The
definition phase permits the orderly planning, programing , and
budgeting of new development items or systems . It is also normally,
the time during which the QMR/SDR’s are prepared and approved .

(2) Nature of Work . Work in the definition phase
consists entirely of effor t suppor ted by the exploratory and
advanced development categories of Program IV , Research and Develop-
ment. Preliminary engineering and contract and management planning
are accomplished to assure that management decisions to proceed - •

with , cancel , or change development pro jects are made on a total
system and total cost basis which includes realistic cost and
schedule estimates and achievable performance specifications. The
definition phase affords the developer an opportunity to perform
trade-off analyses , cost-effectiveness studies, and system analyses;
establish improvement coefficients; examine the project to see that
the necessary building blocks (components) are available ; and select

• the best technical approach.
xV-7
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(3) Definition Network. The definition network at
Figure 2 represents a typical project. The network is not time-
framed; however, on the average, this phase lasts about 2 years if
Contract Definition is not required or 2½ years for projects
requiring Contract Definition. The following paragraphs describe
events and activities within each block of the definition network
(See Figure 2).

(a) Concept Selection (block 15). The purpose
of the concept selection is to choose the most promising technically
feasible approach for developing a major item or system. It is a
joint developing agency-CDC effort. The selection will include a
review of prior technical feasibility studies and is required to be
prepared as a study for all projects going into formal contract
definition phase. It may be used for other projects if determined
appropriate by the comanders concerned. The concept selection
study should generate , as a minimum, a cost effectiveness study, a
system analysis , and information necessary for assembling , evaluating,
and preparing the technical and managerial data required for the
preparation of the QMR and review of the project by CRD and the
Materiel Requirements Review Coninittee (MRRC), if appropriate. The
concept selection process is intended to provide information for A!4C
to prepare a detailed Technical Development Plan (TDP) (block 24)
of DD 1498, and for CDC to prepare a QI’IR (block 19). It also aids
all Army elements in evaluating, improving, and/or modifying the L
project and its associated QMR. Concept selection is a major
decision point.

(b) Initial TDP or DD 1498 (block 16) . The
initial TDP or DD Form 1498 is used for programing purposes in
order to obtain program approval on a timely basis. The leadtime P

on programing is from 9 - 21 months prior to the start of the
fiscal year . It is to be used , for planning purposes only, in
obtaining PCP approval for any year or years beyond the budget
year. Information needed will be assembled as soon as the best
technical approach(s) has been selected either from the concept
selection process or from the technically feasible solutions.
The technical approach will contain only that information needed
by the Office of Secretary of Defense to approve the PCP for
planning purposes. The detailed technical information will be
included later upon completion of the concept selection process in
the de tailed TDP or DD 1498 (block 24).

(c) Initiate ~4R (block 17). USACDC is
responsible forpreparation and submission of all QMR’s. A QMR is a
DA-approved statement of a military need for a new item, system,

) 
or assemblage, the development of which is believed feasible. Any
agency may prepare a draft QMR and submit it to CX for review and

- 
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coordination. For projects for which a concept selection study is
being conducted, the QIIR should be initiated concurrently with the
study as data is generated. The proposed QMR is sent to the
developing agency ‘~ho reviews, coordinates, makes conenents, and/or
concurs, and then returns the proposed QMR to CX.

(d) PCP Approval (block 18). The PCP is the
document which proposes new program elements or changes to program
elements already entered into the approved Fire-Year Force Structure
and Financial Program (FYFS&FP). The purpose of the PCP versus
the one shown in block 22 is to obtain program approval for planning
purposes only and is based on minimum OSD technical and mission
requirements. The PCP in block 22 carries budget approval and
requires an approved QMR and a detailed TDP. The PCP is normally
submitted to DA some 9 to 21 months prior to the release of funds.
At this time, a project manager may be appointed and initial staff it.
planning started for project take-over.

(e) QIfR submittal (block 19). The net result of
a favorable concept selection study is information on which to pre-
pare a QIIR and a detailed TDP. The QMR is prepared by CDC, coordina-
ted with major coninands including MAC , and submitted to OCRD , DA ,
for approval . Average coordination time within ANC is about four

• months. During this coordination time, ANC’s deve loping agencies
should prepare the technical characteristics and formulate the TDP.
It may be updated later either after formal contract definition , or
after the technical characteristics inprocess review.

(f) Total Feasibility (block 20). Total feasibi-
lity includes consideration of technical feasibility; system
effectiveness; availability of funds throughout the life cycle;
qualitative and quantitative personnel implications; operational
and organizational concepts; logistical support implications; and
impact upon inventory, including phase-out of items being replaced
and forecasted availability of new items. Total feasibility is the
DA General Staff in every case and by the Materiel Requirements
Review Conanittee (MRRC) for major or controversial items or systems.

(g) Department of Army Approvals (block 21).
Actions included in this effort include review, staffing, and
approval of the TDP, QMR, and PC?. Various DPi staff  agencies are
involved as well as the MRRC. Generally, the TDP and theQMR are
handled and staffed separately for review and evaluation prior to
approval or disapproval by DPi. Both of them , however, are used in
support of the PC? in obtaining approval from OSD. The QMR will
usually be approved independently whether or not the TDP or PCP is
approved. The average processing time for a QMR at DA level is
about four months.
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(h) PC? Approva l (block 22). This PCP is required
for major projects exceeding dec ision thresholds. For such projects ,
it secures DPi and OSD approval required before full-scale development
can be undertaken. The purpose of the PC? in block 18 was to place
the project in the FYFS&FP but did not serve to obtain budget approval.
This initial PC? merely obtained advanced approva l for planning
purposes of a promising project to  be eventually placed in engineering
development and/or operation systems development. At that point in
time , i n suf f i c i en t  data had been generated in exploratory aqd advanced
development to submit a detailed TDP and the Army had not ~*ftmed up
its military requirement. For sub-threshold projects (projects for
which DPi has approval authority) another PC? at th is t ime is not
normally required : an up-dated TDP or Form 1498 is used to obtain
the release of funds .

(I) ~4R Approva l (blot-k 23). Upon approval of
the Q~(, the CRD wi ll no ti fy the CDC • and the ANC. CDC w i l l  then
publish the QMR and see that it is placed in the Combat Development
Objectives Guide. The CRD will also direct AMC to i n i t iat e  a
project provided the PC? is approved and the necessary funds have
been released (block 25).

(j) Detailed TOP or DO 1498 (block 24). The
TDP presents a comprehensive plan for development of a system. It
is the prime basis for approval , disapproval, or mod if ica tion of
the project it describes and is the approved plan for execution by
the Army. The plan consists of four parts as listed at para h(3)
and is prepared by the developing agency for each pro jec t  and major
task designated by CRD. A L~D Form 1498 may be used for  al l  other
projects not requiring a ID?. The TOP is a very important document
especially from the A}IC standpoint. It is here t hat for the first
time AMC has the opportunity of cons idering as an en t i ty  the factors
of schedul ing, performance design charac te r i s t i cs , and contracting .
Additiona l factors  considered on a continuing basis are the manage-
ment plan , configurat ion management pl an , t est and evaluation plan ,
personnel and personne l t ra ining plan , logistics Support plan ,
fac ili ties , foreign technology , planned production , and techn ical
documentation. The TOP and DO Form 1498 will he updated and
changed as requ ired by AR ’s 705-12 and 70-9. Information in the
ID? is used to help support the PC? (block 22~ in obtaining
project and budget approval and in determining total feasibility
for approval of the QMR.

(k) Initiate’ Contract D e f i n i t i o n  or Engr Devclo~ ncnt
(block 25). This activity completes actions in the definition
phase except in those instances where projects  undergo formalized
CD?. At this point in t ime , if a COP is not required , funding
moves from the exploratory or advanced development categories to
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the engineering or operation. system development categories. Upon
approval of Engineering development , Headquarters , DPi, will assign
a project number , and direct ANC to initiate a project responsibe
to the approved requirement , and indicat, whether form..l in-process
reviews are to be required . This milestone is completed when the
project has been recorded by the ANC Technical Coninittee (AR 700-20
and AR 705-9).

c. Development Phase.

(1) Definition . The development phase is the period
during which engineering and testing is performed to come up with an
end item or system which satisfies a military requirement . The main
product of research and development is information which can be pro-
vided to a production organisation for use in produc ing the item
which has been developed. The equipment which is constructed during
research and development is incidental to the real product and serves
only to test the effectiveness of the research and validity of the
data .

(2) Nature of Work. Work in the development phase
consists entirely of effort supported by the engineering development
and/or operational systems development categories of Program VI,
Research and Development. A project may be carried in engineering
development until it is type-classified as standard. However, if
the force structure and logistical plan hats been approved along L
with a complete doctrtnal -materiel-orgartisational package, the
project will then be transferred to the operational systems develop-
nient category. This will then permit concurrent produc tion planning
and expenditure of procurement funds while development is being - -

carried out. Normally, Advanced Production Engineering (APE) funds
will not be made available unless the item or system is sche’duled
for procurement in the Army Materie l Plan ~nd is listed in the AFUP.
Ideally , a decision to enter the development phase should be a
production decision to buy upon satisfactory completion of develop-
ment. In order to be in a position to buy at the end of development ,
both PEMA and OIIA funds must be allocated ost an annua l basis for APE
and training a minimum of 3 years prior to type classification .

(3) Development Network. The development ne’t wcrk at
Figure 3 represents a “typical” project. It does not show all of
the milestones and activities which may he required for a spec i f i c
project. Likewise , not all events listed on this network are
applicable to all projects. The network is not time-framed ; how-
ever , on the average , the development phase lasts abou t 4 years.
The network illustrates a project going through five IPR ’s, the
fabrication of a prototype for engineer design testing , and then
procurement of prototypes for concurrent or integrated engineer
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and service test. (If sequential testing is performed , leadtime
will be increased by about 4 months.) The following paragraph8
describe events and activities within each block of the definition
network .

(a) Determination and Findings (D&Fs) Approved
(block 27). An approved D&F is required as authority to enter into
a contract by negotiation. For negotiated R&D contracts in excess
of $100,000, the D&F requires approval of the Secretary of the Army
(Assistant Secretary of the Army , Research and Development). For
negotiated R&D contracts not exceeding $ 100 ,000 , the D&F is usually
signed by the contracting officer. D&Fs for Secretarial approval
require an average leadtime of 68 work-days and must be signed
before release of the solicitation. As soon as the detailed TDP and
the ~4R are approved , the developing agency should initiate the D&F
in anticipation of project approval. This is necessary in order to
prevent delays in awarding of the deve lopment contract to go into
CD? or full scale development. The D&F is the authority to contract
and is also used as a program control doc ument by EtA . A new D&F is
required for each year ’s development effort ptless it has been
approved for more than one year at a time.

(b) Initiate COP (block 28). Contract definition
is a formal step preceding engineering or operational system develop-

r ment dur ing which preliminary design and engineer ing are ver if ied or
accomplished and firm contract and management planning are performed.
(See AR 705, Change 1, for prerequisites.) CDP is required for
projects estimates to require in excess of $25 mill ion RDTE or $100
million PEMA . Other projects will undergo COP as directed by DA.
EtA approval is required before initiating contract definition. COP
is intended as the last action capping a great deal of definition
e f fo r t  which was accomplished during exp loratory and advanced
development in the definition phase. It is the point—in-time where
the final appraisal is made. It determines whether the Army has
done its homework; has explored all possibilities to determine that
the A rmy knows what to buy for balanced readiness; and is ready to
coninit the large amounts of money for full scale development and
subsequent production. The time from initiation of COP to the
delivery of the reports and proposals by the CD contractors is
normally about six months. The end results of CD? is the award of
a development contract for full scale development (block 33).
This milestone is a major decision point.

3/ USACDC is not authorized to submit D&Fs. USACDC requirements
for contractual effort (primarily operations research type work)
are contracted through USANC.
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(c) Technical Characteristics In-Process Review
(block 29). After the ~(R has been submitted to EtA , and while it isbeing staffed , the technical charac ter istics should be prepared by
the developing agency. This is necessary in order to save adminis-
trative leadtime and to be prepared to conduct the technical
characteristics in-process review shortly after project initiation.
The IPR package should be in the hands of the participants at least
15 workdays prior to the review meeting. The technical characteris-
tics rev iew assures tha t the developer unders tand s the requ irements
and has properly stated the requirements in terms of technical
characteristics. The minutes of the meeting are recorded in the
ANC Technical Coninittee as a read-for-record item and distributed
to the participating and interested agencies 15 workdays after the
review. While the technical coninittee is not a decision-making
body, it assists in the timely coordination and staffing actions.
The techn ical characteristics , once approved by DA , are then used
for full scale development either in-house or by contract. Approval
of the technical characteristics also establishes the point-in-time
when conf iguration management becomes a major consideration and a
definition baseline should be established.

(d) Definition Baseline (block 30). The defini-
tion basel ine is the f irst of three baselines established to provide
a basis for configuration control and status reporting. These base-
lines are an integral part of configuration management. They are
reference points to which all engineering changes (or waivers) are
specifically related. Baselines are defined by system descriptions
(definition baseline) development descriptions (development baseline)
or production descriptions (production baseline) respectively.
(The definition baseline is established after approval of the techni-
cal character istics and before release of requests for proposals to
contractors.)

(e) Engineering Concep ts “In-Process” Review
(block 31). The Engineering concept review is the second of five
in-process reviews held during the developing phase. It is con-
ducted upon completion of the engineering concept to insure that
the contractor or in-house facility is not cousnencing a program
that is beyond the state-of-the-art or contains too many risk areas.
I t is held af ter the reports are rece ived from the contrac tors on
the funded portion of COP and prior to award of full-scale develop-
ment contract. For those developments that do not go through CD?
and are performed “out-of-house” it should be held before finalizing
the award of the development contract to industry. For work per-
formed in-house it should be held after finalizing the engineering
concept and prior to actual prototype hardware or model fabrication.
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(f) Development Baseline (block 32). The
development baseline must be established prior to the initiation of
full-scale development of a system or its components. The develop-
ment description(s) documenting this baseline depict the performance
and available design requirements for hardware design and fabrication.

(g) Award of Development Contract (block 33).
The award of a contract for full-scale development, culminates a
great deal of concentrated effort on the part of the developing
agencies. It is the time of test to determine how well the Army
performed in the preceding phases. If the homework is done properly ,
there should be little or no technical advances during the develop-
ment phase since the technical risks are relatively low. The award
of the development contract is a major decision point.

(h) Coordinated !~.US Package Submitted (block 34).
The IXtNARC-CDC-AMC coordinated MOS package identif ies the knowledge
and skills required of personne l for the oper ation and maintenance
of an item. The QMR contains the initial information concerning
MOS requirements. A8 development progresses , the developing agency
gathers additional information and evaluates overall MOS requirements
and coordinatr’s this data with COMARC and CDC. The CONARC-CDC-ANC
coordinated MOS package should be submitted to HQ, ANC pr ior to the
design characteristics “in-process” review (block 36).

(i) Item in Army Materiel Plan (block 35). The L
Army Materiel Plan out lines the Army ’s procurement plans for major
and secondary items and high cost repair parts. The plan is
established to provide a med ium through wh ich the Army can project r

its mid-range materiel program. The eight year per iod of th is plan
covers the prior fiscal year, the current fiscal year and the
succeeding six fiscal years. The plan is designed to integrate
those elements of logistics which directly affect Army materiel ,
i.e., procurement, del iver ies , research and development-, supply and
distribution , production fac ilities and engineering , repair , over-
haul and maintenance , losses and dis posals and oblication and
expenditure levels. The purpose of the plan is to maintain balanced
inventories and to meet established objectives. It is closely
aligned with the AFDP. (Guidelines for preparation of the AMP are
contained in a EtA publication titled “PEMA Policy and Guidance”.)
The AMP contains a BA Form 2624 for each end item which provides on
the development status of each item or system. This information
includes a description of the item, the developer , unit cost in
production, bas is of issue by table of organization and equipment
(TOE) and table of allowances (TA), and related items in inventory.
The AMP is a very important document from the standpoint of the
developer because failure to program an item in the plan on time
will deny use of PEMA funds for production engineering. Similarly ,

XV- 16



if a basis of issue is not prepared , gross requirements cannot be 5

completed and, hence, the item cannot be procured. Establishment
of a firm basis of issue requires a leadtime of 1 to 1½ years.

(3) Design Characteristics “In-Process” Review
(block 36). This IPR is generally held after a wooden mock-up or
model has been built. The purpose of the IPR is to verify des ign
characteristics before fabrication of metal prototypes.

(k) Development Initiated for Required Training
Aids (block 37). Training aids and devices are items designed to
demonstrate a concept or to provide a symthetic situation in which
human skills and techniques are developed or improved. Training
devices have but one function and that is to ass ist in the transfer
of learning. COMARC is responsible for proposing SDR for training
devices to CDC and for monitoring training device development.
(Ref para 6F, AR 705-5.) USANC, upon receipt of the SDR, coordinates
with the Army Participation Group, US Naval Tra ining Device Center
(USNTC) , to determine their capability to develop the training
device. Sources other than USNTC will be utilized only after a
formal determination is made that USCTC cannot provide the services
in the time frame required and within available funds. (ARC Regu-
1at~on 350-12.)

(1) Completion of Prototype Fabrication (block 38).
This activity signifies the completion of fabrication of the first
design model(s) or prototype(s) to be used for engineer design
testing and maintenance evaluation tests.

(in) Engineer Design Test (EDT) Completed
(block 39). Engineer design tests are conducted by or under the
control of the design agency to determine inherent struc tural ,
electrical , or other physical and chemical properties of construction
materials , item, or system, including the effect of environmental
stresses ott these properties. The purpose of the tests is to collect
design data, confirm preliminary concepts and calculations, and deter-
mine the capability of components. In the case of a highly complex
system consisting of a number of major integrated components , the
EDT may be expanded to include a complete system demonstration.

— Here , following component or subsystem testing, the design agency
demonstrates the engineering feasibility of complete systems
operation. Testing is usually done on a system or item by separate
components or subassemblies as soon as they are fabricated and
delivered by the contractor.

(n) Prototype System In-Process Review (block 40) .
The prototype system IPR is the fourth of five IPR’s that arc
required to be conducted in the development phase. It is held after
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completion of the engineer design tests and before fabrication

starts on the engineer and service test models. Its primary purpose

is to afford all interested parti es a chance to see the actual hard-

ware perform as a complete system and compar. it with the physica l
and performance characteristics outlined in the c$R . Successful

completion of the IPR permits continuation of development fabrication
of engineer/service test models or prototypes.

(o) New Equipment Training Program Approved
(block 41). This program is a planned approach to satisfy the per-
sonnel and training requirements for each item or system. All the
personne l and training requirements for each item or system. All
the personnel and training activities are identified and interfaced

with the development , production , and distribution milestones for
each component or subsystem. The program establishes planned time
frames for preparing and conducting staff planners’ courses and
technical training courses; preparing new materiel introductory
letters ; and org anizing , training, and dispatching new equipment
training teams.

(p) Award of ET/ST Prototype Contract (block 42).

This activity is not required when the original contract (block 33)
included prototypes for engineer and service teat. It is required
where a prototype is fi rs t fabri cated and then tested before a
decision is made to go ahead with development. in most cases the
same contractor that fabricated the first prototype will get the
contract to build the test prototypes for engineer and service
testing. In addition , a Determination and Findings will be required.
Administrative leadtlme for D&F processing, receipt of proposals,
and evaluation and negotiation of a contract is normally about 5 to
6 months.

(q) Advanced Production Engineering (APE ) /4
Initiated (block 43) . This is the beginn ing of the production
phase. Normally, as shown here , it runs concurrent with ~nd over-
laps the development phase. APE may beinittated at any t ime during
the development phase when the research and development design is
suf f i c ient ly stable and funding in available. I t will usually be
initiated af ter the ~ngineering design test and the prototype system
IPR have been completed . APE includes advising design and develop-
ment engineers on material productibility, including such factors as
standardization of components and assemblies, and economy of materials.
It also includes development of special production equipment, tools,

fixtures, and jigs; establishment , operation , and support of pilot
production l ines to prove capability to produce; and validation of
the technical data package and quality assurance procedures for
equipment to prove that production materiel meets established require-
ments. Studies may also be conducted to devise new or improved
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manufacturing methods and techniques to reduce production costs ,
reduce item lead tin~~, and improve process rel iabi l i ty  or assure
materiel productibility. Initiation of Advance Production Engineer-
ing is a major decision point.

(r) E quipment Dis t r ibut ion  Plans (EDT) Initiated
(block 44). Equipment distribution planning studies provide an
approved distribution plan for each new combat-essential end item
from the time it is initially included in the approved Army Materie l
Plan until it is ultimately disposed of from the Army supply system.
These studies establish control over both current authorizations and
projected equipment needs resulting from programed or approved unit
actions and contingencies such as activations , reorganizations, and
prepositioning actions.

(s) Completion of FT/ST Fabrication (Block -~~)
This activity is completed upon satisfactory completion of prototype
fabrication of models to be used for engineer and service tests and
initiates research and development acceptance tests (block 4t).

(t) Research and Development Acceptance Tests
(block 46). Research and development acceptance tests are tests
conducted by or under the control o - the developing agency on an
item or system designed and developed by a contractor to insure that
the requirements of the development contrac t have been fulfilled and
the item or system is acceptable for further testing by L1S A rmy Tes t
Evaluation Coiaiiand ~USATECOM).

(u) Completion of Engineer Design (ED) (bloc k 47~ .Engineer design is completed when th e test prototypes have been
shipped to the testing agency GJSATECOM) for  engineer and/or set v i c e
test. fly this date , design studies , drawings , exper iment al  mock-ups ,
and design testing will l~ave been completed .

(v) Configuration Audit Review (CAR) tl’l.’~ k ~~~ .

The configuration audit review is a t e c h n ic a l  audit c on,~u’(ed 1w the
developing agency during which availal-le docunwntat ion i s  ~mp.~~-ed
with prototype hardware to assure Its accuracy and adequacy .in.t its
conformance to the Development baseline description . Thc CAR is
normally initiated prior t o  start of engineer test/service test
(ET/ST) but La not completed unt il afte r the service test IPR .

(w) Initi ate FT/ST (block 49). Engineer and
service tests are conducted by or under the supervision of 1’SATECOM .
The objective of the engineer test is to determine the technical
performance and safety characterist ics of an Item or system and i t s
associated tools and test equ i pment as described in the Q~1R and (hi’
technical charac eiintics . The engineering test provides data fo r

-- 
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use in further development and for determination as to the technical
and maintenance suitability of the item or system. The service teat ,
on the other hand , has as its obj ective the determination of whether
or not the item or system satisfies the QMR and is suitable for use
by the Army. It provides a basis for recomendat ions for type
classification. (AR 70-10 and AIIC Regulation 70-7.) Normally,
engineer tests and service tests are performed concurrently or on an
integrated basis. The average test time on each is about 90 work
days to prepare the reports and recomendations .

(x) Repair Parts Provisioning Plan (block 50).
The repair parts provisioning plan determines the requirements for
repair parts, special tools, test equ ipment, and support equipment
to support and maintain an end item of materiel for an initial period
of service. This plan includes the identification of items of supply;
the establishment of data for catalog , technical manual , and allowance
table preparation; and the preparation of instructions to assure
delivery of necess~ry support items with related end items. The plan
is completed upon approval by the conznodity coninander responsible or
by DCSLOC if repair parts requirements exceed delegated authority
(AR ’s 700-70 and 700-19),

(y) Completion of Service Test (block 51). The
ST is complete when the ST report has been prepared , coordina ted and
recoumiendations forwarded to DA.

(z) Service Test In-Process Review (block 52).
The service test IPR is held upon completion of the service test or
the integrated engineer and service tests and is conducted in order
to arr .~ie at a recouzuendation concerning adoption of the item orsystem as standard , or planned action to remedy shortcomings and
deficienc ies found in test.  The minutes are recorded in the ANC
Technical Conmiittee (AR 70-10 and AR 70-9).

(aa) Operational Systems Development (block 53).
As previously discussed in subparagraph lOc(2) , not all projects
will go into operational systems development prior to type claesifi-
cation . Entry into the 6.71 category, in effect , represents an
approval for production before the development phase is complete .
Operational systems development is considered by OSD as that effort
needed to convert the design engineering products of engineering
development into purely productionized systems and equipments. The
design data package from engineering deve lopment , suppleme n ted by
the production engineering data package from operational systems
development, should result in an acceptable data package for competi-
tive procurement and operational usage.
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(bb) Type Classification (TC) (block 54).
This activity formally ends the development phase. Type classifica-
tion is the categorization of an item or system according to its
suitability for service use.

2. Sunnary:

a. The purpose of research and development is to provide
the Army with the best equipment at realistic cost. While reduction
of leadtime is a desirable goal, research and development is by nature
time oriented, and if compressed beyond a certain point will result
in inferior equipment at astronomical costs. Improved management
offers the best hope of maintaining an acceptable balance between
these two essentially conflicting requirements for speed and economy.

b. The materiel requirements cycle , research and development
cycle and the budget cycle are integrated through planning, program-
ming and budgeting.

c. Program VI of the ~~FS&FP parallels the DOD Program VIand serves as a bridge between planning and budgeting. The six
categories of development represent, in a simplified way, the evolu-
tionary process by which ideas are converted into hardware. An
approved materiel requirements document is only one of the several
prerequisites for moving a project along this development scale.

d. Decision-making under the present system entails changing
the approved program in some part. DA has the authority to make
decis ions (change the program) only to the extent that these changes V

do not violate the thresholds established by DOD.

e. To facilitate understanding the total process of
materiel evolution short of production, may be visualized as
occurring in three broad phases: Concept Phase, Definition Phase,
and Development Phase .
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